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ABSTRACT. 
,::.•: 
This report describes the field te·sting of an in-service 
-beam-~slab· highw~y bridge constructed with pres tressed concr·ete -· 
., ; 
spread-box beams.· The p~incipal -objectives of thi·s study were_ to 
experimentally investigate the dynamic effect of moving vehicle 
---... ..___,. 
-------- · - -~- loading ·and vehicie impact ··loading, ·and· to provide additional in~._ 
formation on lateral load distribution of· 1:he bridge under static 
. I 
vehicle loading •. The testing progra,vt cons.isted -of the continuous 
reading of berun surface strains and beam deflections at the maxi-
. . mwn moment section. of a s .. ~.!11E_!Y_ ___ ~.!:!!)_p_Qr_!;_~_g ___ ~paQ,_ __ ~§ a_j:~est _vehicle----· 
--·-··---··--·-----·- -- ---------.. -·-·· . --"-----· ---. ------------·-·--·-··-----------·-··-··--------·-···· .. --··--:·:--·-.. ···-------.-·-·---~-·--- -·------~-- ----······-----------------------···--···------- --- -----···--·-···----··---·•··--·-----··"-· ' -- ·-
. . -
. .  
~., 
,, 
was driven over the test span at speeds ranging f·rom 2.5 mph to 
60. mph, including 1,0 mph, 2-tnch drop,· impact ,runs. 
It. was found that the experime.rtally determined distri-
bution .factors for. interior beams were substantially less tha.'n. the 
.' 
value·s used in design of the superstructure·, whereas the experi-
, mental values for exterior beams were greater t.han design values. 
It would. be desirable to _include the effect of curb and parapet in 
future d_es.i_g_n __ ~_pr_ocedures .£or .. distcihution factors"·-·~- T·he lateral 
.. 
.............. ... ............... ---------------.1.oa..d .. distr.ibution. for ... speed .. r-uns and.impact ... r.un.s.,-.:was--:.fou-nd----'to- ·-be 
more nearly unif-0rm than 'that ·for crawl runs.· 
•. / 
- c-.- ··-·-·. ---- -- • -·· ., ';" ·-· 
• 
( . 
•· ----·-··-· ----·. ' .' ------·--.,~.,. .... ,,~---------- ---···· •---. ..._ .... ;;., ...... --'----'---~ --~ , .. , . , .. ,,.,. ...... --·-· . . ... -- ..... ,. --···- ............ .-. -- ·- - -·-- - .... , ··-- - .. -- . - -· ---·--·- ---- ··---·----· ..... --~--· ~ .. - ·-----·--·· ·-···-~··------······ -· ••-·•• • • • ••• -·--------------~·-·. -------"-t-U-. ---•-- •"•"- • •·• '"• • ···•• o•• ._,.• •••••"'"••--
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·approximately equal lt,o the ~natural unloaded frequency of bridge. 
The.magnitude of··· amplification of bridge vibr~tion under· the 
10 mph, 2-inch drop, impact +oading was twice as large_ as-- that 
under 2.S·mph cpawl run loading. The experimental unloaded 
. ' ,,.. 
natural freque~cy of the bridge was found to be in ~lose agree-
ment with a theoretical value. In·addition, both methods used in 
" 
. this study to obtain experimentally determined beam moments could 
' 
• 
., 
I 
.,.·. 
---------~- - ---·------- -- -
be utilized to analyze the_structg~~Lresponse of the·prestressed 
concrete box-beam bridge. 
• 
:,11\.:. 
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I. INTRODUCTION 
.; 
i' .·: .. .. ~· 
I .•i, 
. . . 
1.1 Background 
• 
--~ Since .the use. of prestressed con~rete in the Walnut Lane·-
. . 
., 
' ~· 
.,, 
-
.. Bridge i·n Philadelphia,. many improvements· and new conc~pts have 
,,, ... J ,i •.· ..... 
been iritr6duced-in the design of prestressed concrete bridges in 
,. ''l 
th~ United States.· One of the developments which has been u~~~ 
extens.ively in Pe~nsylvani~,: is the design and cons.:tr.uction· of 
spread box-beam bridges. In these. bridges, the box-b~.ams are 
in~orporat_ed int~ a beam-slab supers_tructure with the beams 
·,: ... :; 
;,·• 
------------------------··-··----------------------- . ---·-- ---~---- -------~---~-------·--· -- - -·---·---:-·-·-·---- ':r. 
-- -- ------··--····-- -- -- -·-----··-·~-------·--··--- - ·------"·--··-·-----· ... --... -=------ ·-----·------"""."~-·-·.--·-•-: .... ; .. · .· ... . . ~ ' ... -
-·-,---,,,....-,----. ,.·-. : · · · spread apart, as in typical I :...beJ1m brid.ge~ ~ 
, .
. •,.,:._.: 
For the ·design of spread box-beam superstrUG:t::ur.es, ·the 
\" 
.. 
. Pennsylvania Departmen~ · of.' Highways hij$ utilized pr'ov.isioi1S ·fo·r· 
! \ 
' 
' distribut:i'..on of desig_n _lclads which para·11e.l :pa·p1:s ·of Sectti·q.n. .1 ~.3 .. ·1 
of the AASHO SpecifiQa.tions for Highwa·y .Bri.dge$ .. i Acc.drd.(.ng to 
the .PD.H Standa:rds , 2 the i:nt.e.ri.o.r ·beams should be- ·rl:e:s.tgrie~l µsing a 
,.; . 
I 
.. . . . live-ioad distrio.µ~iop factq.r .. o:f S/5. 5, where S- is: t.he c:1ve.r.age. l : •• ~ ,.· 
. beam spacing ,in feet. The .. distribution of live· .loEi'd ·._to ··the .ex;:te-r-. - . . . - . . . 
) 
;. 
ior beams is determined by· applying to th~ · beam the reaction of a · 
.. "" 
• 
. i 
I 
l 
• h OIi 
. . - -,. .... ._,-,.1~~-....-··n•-'-f"'r':.~1·)~7·:r,"'1:J~~~ 'T·.~\';:.';~~W,~• . .1..:.,.......~~ .. =~:::;..:,;_1_ 
. ~~~~'ti~~V-'1~~~wt1e·~t~-<toaa•·o::,ttofttffiett1"1..1'-y~~~mffl:l'i:iflg,-:-at-tr-at:·;.~tre:Y~s1'alr-:_~aifFs- ·as -~~a-~~f1mpl e . .-
. l -
span between beams. · 
' 
--- -~~ .. --------··-· ...... . 
. -.·~ - _,., ... ,, .. ~., .... --,,, .. ,., ._,_.,, .. - .. - .... :·····. 
--··· -S inee it. was _. ~elt: t~~! !~!~ pros~?~f ~ Kit~li~?L sil~Ji[:.::-___ :_- __ :~:~:-=- - __ : ----··- ····-----···--····-------·· - ·-~. · .. ·-·- . .. ...... . ...... ~ .......... _,... ...... .. . .. . ....... .. \ .. - .. ... ....... .... ·-' ., .... ' -.. ' ..... , ... . .. . . ... . . ~ 
·-- --~ ~ - ---·...--.- ---·-----~·=----···-. ·--· bution- eo-ula be. suitably modified·;- and since the "design criteria 
~ ·. . . 
--~ ... -•.••••-'~''"" --·•·-••"••••-,---·-~••. ,.,,, •.• ,,.,,< ,, •-·--.,•••-~· ~ ••· ,,, ~ • •· "" ~c •• • 
··--····-··· .. ········•"" . -
.... J 
. _ ___ .. dev.e loped ·· for a<:1·j€l_C~!!.t~: _Q_QX.:-:..baams ___ w.a~-- ... not--ap-p-14:ea-b-l-e-,"·--a.-·-r-es-e-arcn-·_----· ··- ... -•·--·-. ···--·---·· .. ·----~········· ... -,.,--·~ ~·· ·-, 
•: 
program was initia:t:ed.at Lehigh University,· b~sically to·.: 
~1-
·~· 
'' 
I. 
. , 
---- .. -----,---------.. . -- -· ~- -
. ' 
. ---··· -··--·--·-----~- .. --
., 
------~--- ~-- ---- ------- ~---· _..'::__:_ ____________ ---------------- .. 
-· 
~ 
-(1) dev_elop the information needed to evaluat-e the load di·stribu~-
t~on in bridges of current design, (2) , develop a mathematical 
analysis which will accµrately represent the structural· resp9nse . . . 
to vehicle __ loading, ;and (3) develop a new spec,ification pro-vision. . . . 
.. 
The over-all. investigation consisted- of the fi-eld testing of five. 
in~service bridges in Pennsylvania. In the· s·urnm~r of 1964, the 
Drehersville Bridge was t~sted to serve as a pilot study.· 
Bridges at Brookv;ille, Berwick, and Whit~ Haven were tested, in the 
. 
. 
summer of 1965 basic-ally to study the e:ff_ects of skew and ·b~~ 
. .. -~-width. In 1966~.· ·t·he Philadelphia Bridge was tested· primar:ily 
. 
' j • to study t~e _effect of the ·midspan di·a_p_hr~gm_§_~ __ Q_tJ_ ... lrJ_a_d ____ :d'.istrjJ) ..Li~ ... ··-7cc,--·--·~,--··-· - •- •--·-----··---..------'- ----~- • :__ - oH ••••---·---••.,••--•••-••••••••O••••••••••"··••--•••••••••---•'""''""'_?_' __ - ' '·--••-- •••-·•••·--------·--• ••--••••-••••••-~---····-· • ' ' 
• 
··---·-----------··--- .. ----··-----.. ~-~-;---::-
- --- -
tion. The four-year study was GOmpleted in 1968, :and eight 
· - 3 4 5 6 7 8 9 10' - ' - · -
_ rep·orts ' - ' ' ' ., ' ' have been completed and distributed. 
- Based on t.he test results and conclusl·ons included ,i-,n_ 
-,1 
the initial fou:r~year ,stuc;ly, it was -,aec.i.c;led t·hat. a ·si·xt.h sp-re&d. 
box-beam bridge should: .be i.r1strument~_d a.nd. ·s:ub-jected. to design· 
vehicLe loading whic·h would inclucle ,~peeds r6t~g,ing from:-~ mp.h to 
-
·-
' 60 mph. Previous stucli~ .. $ 'b:y Linge·r and· Hulsb.'os_1 J.· .. had i·ndicat~cl: f 
-· j 
that at least orie, -· at1d p.bs·s.ibly· two, . cri tica:l spe.eds for' the 
d~sign vehicle may occu~in this range, where critical speed is 
defined as the ~P.~~~ ~t which ma~i.m\.lJ1l ~mplific.ation of Qraw~l---ru:n --
response is_ achievea··. The ref ore, it was felt ·tJ1.c1t _ _addi tion_al ___ ... ______ -----------·--- .. • • ••••• •••- -••••·-·•••-••-'·-~-O,, .. ••-""""'•••••••m,.o••"· ·u •-• ---• • • 
·-
"> 
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controlled impact loading and of slab behavior would be 
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desirable. . It was '_f_e:lt that this additional infc>"rn1atioh would 
provid_e v_aluab le_ ~-.flf()J:'Jna tio_n in -supplementin~ tpe previou·s .. st1:1dy 
• 
of distribution of vehicle loading iri spread box-beam bridges •. 
·1~2 -O})jectives . I 
In the summe:r of 1968, ,_t.}:1~ Hazleton Bridge was field 
' . ... . 
tested to develop the desired .information. The :rr\ajor objec~iv.es·\-,. 
- I. I..,. . , 
·-
.·-·of the Hazleton Bridge ~t~~y __ we!'~-=~: (1)- To establish critical 
speeds at which· maximum' amplif:i.cat.ion o.f crawl-run response is I . 
· achie'led ,· and' to determine t-h·e mc:1.gni.tude of the maximum amplifi-
cation, (2} to establish tli~ arripl..;i.f.-ica_tioli. of crawl-ru-n resp~nse 
~----·----~-----·-·- ··-· -------~-·------------·-·-··-----·--·----~-·--·-····---~--·-----·-----·---·------·--------------··-------·-----·-,---------- . 
. . n 
f 
I 
-- I 
- I 
11~ 
:111 ii• I' ]Ill 
·11 ::1 
I 
• ------··--··--- I 
-------~--------: ... :---~-------------- -- -under _____ c"6-rit'r'o]~'j'._-ed ____ inipa_cl: loading,, (3) - to- -develop, informatioii on 
stresses on the surface of the slab in ho.th lateral and long-;i. tudi.-
. -
· nal directions, (4) _ to d.ev:elop _ inforn1ati,on on stress in,, slab 
reinforcement, and . (5) t·o- pro,,ide addi tio·nal_ inforrncrti·o:ti _on later-
·/ 
/~ 
. 
al distribution of design vehicle loaai·n·g_. 
( 
-
· This report describe.s part o,f -t·he results fp9_m, :th-e.· 
. '-
." --~ Hazleton Bridge field_ test_, ll.¥!m_~1y --thc;>s:-e __ -associated, w;ith objec-
tives (1) , (.2)- :, a_nd (5): . The resu-lts r--e:lat~-a ·to objectives (3) 
and (4) will be described in anothe~ r~po_rt. 
·,t 
.,. - --- ··-··--··--------·,:-·· --- --- ---· 
-------------- ~----------·-·----------------. -~--
1.3 Previous Studies 
The previous. -~-~~¢!~~-~----~h!_~J1 _q_q\.7~:t;'~_q_"_J;he :f:i.:~_lcl~ __ work ____ ~a-nd _ . -- -· ..... ····--·- ·-···· ·-· ·-·- - . ,. 
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' I 
t. 
3 . 5 vehicle loading were described -in Reports Nos. 315.1, - 3JS.4,. 
I I 
-------- ---- -
-~---- \ < 
e .- · 7. - a . . 10 315.5, 315.6, .31,5_.7, and- 315:.-9. However, some-~ot-l;"ler studies 
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which···,have cont·ributed to the .d·y11amic behavi-or· of· b_ri·dges· are , 
significant. 
-
-"', Dynamic behavior has· b·een studied in many countries an·a ·, ·· 
-- - ···-··--· -··· - --- ..... 
- . . institutions, first in rai·lr·oad bridge.s, then in highway bridges .. 
... . , 
. 
-. 
The principal conce.rn in all stud.ies, especially the early ones, 
a ~ 
was the formulation' of the problem. · __ l_n __ pract-ica-1-1-y--all---Qase-s, t-l"le--.-----. ----· -----
results led . to the __ conclusion __ th~!:t_ exce_ssi. ve- vertical displace-
ments will be caused if the f:o-I'q_i-ng f-req-uency app~o-ac-hes the- - ---~ ----··----. --.--- __ ;ttP --- . ,- ---·--,---,_._~ 
I 
" ' .. patural frequency of the bridge.· This forcing frequency.was 
expressed either as a: fu.ncti_on of a sinusoidal, . time dep .. endent 
forcin~ function, or ~s a fhnrition of a series of ~oncentrated 
> •• 
·--------------------- . . . . 
- -----·· ----- ·---·--------------··-----·------- _:__ --·---·-·--·----·-~ -· }_ ______ ... __ . ·----------------- ---·--···--·--··---
-- -
-- - -- --- - -
' 
. loads repre~enting moving vehicle wheel loads~ 
. In the United States, t:w.o signi.fica:nt ·te·st prog·tanis were ... -
conducted, one at the Massachuse;t.ts· .;t_nstitute· :q._f T'e't!.hnology ,- and 
; 
another ·at I-owa State µn1.versity.. r,n 195·9·,- simple-span beam 
'' 
bridges and stringer bridges,. lciad:ea w:t.th. single vehicles, ·we·re 
' )-
·. f""f;,; . 
. ·.· .· . ·1-~l L __ .. ____ '°;I, 
studied at MIT by Biggs, S·uer:_, and· Lauw~ · · The theoretical 
·---·--
_____ analysis w.hicl} was. deve-loped was.-.,.aeeomp-a·n·i-e.d.···by a m·od~l s·t11d:'y -~trfd · ·-·--
- -•·--"'-"'" .,. '·•··-~---".·•- .---- ····--···--"'·••······"~·-·-·_.,,.,,;, .. c. -···••·•-·'··-· •·· -·-·· ... 
field study-: These studie~ indicated that the init:ral · arnpti·tude 
"I 
- • 
-----·:------------ ----·-··-·of· ve-hic-re· oscillation is the most important ·factor inf.luencing 
----"7--
--' 
-----·--·.-----~~-·-- --:-~---~~··-- - -~~·-~~·-----· .~•=--~~=, ~ , =m ·-o·•. ·e--,···=-···»·-~··-=~-=-==~--:-~~-
t1he magnitude of brid~ vibration,.. and that large vibrations 
, .. 
genera'lly occur_when the natural- frequency of the vehicle is .... 
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~quation for th{! exp_erimental .na~ural-fri~quen-cy of a bridge was. 
' 
---pres-ente·a,is the prod.uct of an experimentally deterrn.i.ned constant, 
., 
.. f.i. ' 
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. 1. 2, . and the theoretical. expression for first-moa·e natural fre--• 
quency of a simpl~-span,, uriiform beam. In 1963, Louw 1~ expanded•- --- .. • I 
! 
the earlier work of l3iggs, Suer, and Lauw to ··cover the case of a 
--·-····-····-·-··--··.~ .. ···--·-··-· 
.- ~---· -- .... . - . 
· .. "''· ., . ·· ..... -. 
. ·,. 
-----l-..,.r - -------- - --- -
two--span ~ontinuous bridg~. 
. 
. 
. - ll, In 1960 at Iowa ·st~niversity~ Linger and ·Hulsbos -· 
. . 
repoI'-ted a theoretical analysis a.fid field. test·- study which 
C 
' 
. 
. 
______ ---4~------ -- -- ------ - i-neluded--e-ev-e-rag~---ttf·,·_:_both--simp-le -arra~--c-u:rrt_inu.otis Spa ri l5ri~og_e_s_~-- -
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~ experimentally determined unloaded frequencies. Theoretical i 
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of various bri_d.ges' an~; :for dynamic lQq.d_ fact,-ors (impact facto-rs) . 
-· 
In addition, a g.ood qualitative qorr~_la:tion was found between the 
magnitude of lmpa:_c_t :arid-- the ne·a:prie:ss o'.f ·the· f·feg:uency: o.f axle: 
. 
-repetition to the lt1.ade<:l. p.:atu_ra:l _freq.uer1cy·· 'of t-ne ·s:tructur~.., .. . 
' ~ 
.. . . 
·-
Addi tiona-1 studies of dynamic be_hav·ior a-re '}::j)s·te:d: i .. n, 
.. 
the paper by Varney a.-nd Ga-lambos. 14• ~-
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2. · DESCRifTION ·or 'TEST PROGRAM 
··"·"···. . .... 
:. -.·. 
. . 
-----~ -~-- -- -·---. ~ -- .-.,-·---:-·--- ·-
·--~~1- Test Bridge 
-~· - ' - ' - - -· 
..... --· t .. ..I. The Hazletoh Brid~e~ located on L.R. 1009, Sec. 93 ver 
-:., I'",• . 
. 
. 
. 
·, \ L~R. 170 in Luzerne County~ Pen_nsylva,nia, was selected for the ··.' 
field test. .,; The middle~~p-~11. _ __Qf_ th~~_j:_b~ee_~s_p_an_ b-ridg8-,-- a-s--·--i--ll-tls:: ---~---
trated in Fig! 1, was chosen c:1.stb:_e __ :t~J31:: span. The test span is 
simply support~d wi_th · a length. of .69 .. :fe,e,t-- 7- inches,- e-ente-r~to;;;..--.--. -- ---- ----f 
. 
. .. 0 . 
·center .,of -bearings. · The skew i·s ·88-. -25' • The cross-secti.on of . 
; 
-~"' the bridge is shown i'h Fig·. 2. The superstructure i·$ c:ompOS'ed of 
- ---
;. 
five identical prestressed concre.te hollow box-bea111s, ·whi.c]i .are_. 
_________ .. ---·-----·· 
-----··------ .. ·-, -,~ ... -
"" s . 
------- ·---·-··- . '--·----~---·· . -------------·---;·-----"~-----·--l.,·- -
-----
-~--········-··---·--. ·"" . ,_ - .------------··4s···i-nches--;id~-~~:] 42 inche:s deep:,~ and equally: S:p_·ace.d a·t 9 f·eet 
6 inches,: center-t.o--~en.ter·.,. M·idspari ·a.µd end diaphragms, ·along:· 
with the ·r¢.inforc·ed Coiic·r:ete: ~-lab:, we·re cast-in-place . 
. which _had a speci .. fied tninl.mum. tl1icknes-s of 7-1/2 inches' ·prQ,r.ide.:~3: 
a roadway width_ .. o.f 40 ftiet:~ Howt~v-e:r, · mea.surements of slab. ·th·iek-_ .. ··.. . . . . ., .. . . . ·. . :· . . . .. .. 
. . . 
ness taken near mids·p:c.tn ·range:d fi:'om ·7:.9 to 9~0: :inche_s_,. with. an 
.' 
··-- -·----,,--;,,, 
in-place after the. :·s·:tab concret~. pad reached the specified . 
; 
strength in t'he :c_onst-ruction sequence. The join{ between the slab·. __ -·--···----·-· ~::.::::.:::;;.1,.::~1::!~:::;:::s"'-•.·11:""".=>-,...~;;~.:;::-i;:-.=,;:::;~~~..::=.::::.:..-:;,.=~::.:;::..;2.c:;;:;:.:::;;::::::!::·"<Z.·:::.:....,-::::::.::-::::r;:.;;,:;;:-~T~.C.;Z::.~.:.::,;.;...,-,,c··~r.::.~,.e,;;~!;;:.::..:::;·:;::;:r..::--~i?l:C~C:.~~~-·,·=~..::::::--:~-~:.::.,,:..-=.~~.,-, ,~·,,_-·.,,;;::-:·:.:::::::::::X!.::::.~":;·c:_~:.:.oi.·,·,·•"'"::".::.."""'·-"'.'",;-"~'""='.:l;::p:.:::.;::;;a;::;_..,..;;.::.1.,....r=..---·-···"~~ 
·. · ; a-nd 'th~ c·urb section i-s strengthened by ve--rt"ie-al-reinforcement · 
- - -- - --· -- ~-~- -- - ----·-·-.. ~ .... ,-~-----~-------
~ --- - -~----~---- ---- -
which extend$ ·frorn t'he slab up into_ the curb section. 
", .. l, .. ,;--al. 
-
-, 
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. :.-·-··--:---------------------- · AAS HO · irnp-~ct~f 9rmura was_ .us.e.d. -- --~A-ll--ir1-te __ rior b-eams-weTe d-esignea-----.- -.----· -~- - --- ---- - ------------- ----, - -- - . 
. . _utilizing a distribut:Lon .facto:r "C>f S/5.5 = 1. 727, _while .. the factor 
-:6:-: 
·-
[. 
. . 
' 
.-.. - •• < ' ' ( ' '. -, -- • • • '. ' • 
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·: 
1 ·· 
' .. 
. 
_,L --------
! 
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I 
I ,. 
) ..... 
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~ " _·, of 1.158 was used for exterior~beams. The. specified .. mi_nimum 28~day 
cylinder strength of the ·beam ,concrete· ·was 5500 psi. Further .de-
' . 
tails of the .design and construct·ion of: the bri_dge are given in . 
the PDH Standards for Prestressed ·c·on~-.rete J3r·i~ges. 2 
•. 
2 ~ 2·· Inst.rumentation .. ...,,. . ~ . . 
-- - ----~-·-------· --- -~--· _,_, ____ a • 
~--~----~ 
2. 2 .1 · Gaged Secti oris . arid -Gage Loca tionp_ 
Twp cro.~s-s.e_·cJ~iQ.QS' des_ignated as I :Section$. M and Q' were 
selected for gaging. The' loeations ·of these cross-sections are 
/ 
8hown in-Fig. 1. 
, . ...-
Section M wa~- located 3~55 _feet ~ast bf mid~pan, 
I- • ' • 
, I 
_. , r • . 
- • . . 
· · · . . .-. . . _ an.cl .... i.s _____ the ____ se.c.ti.on ...... whe--~e---- .. the·- .... t-he-9-F-et:-i-ea-l----·-max-i:mtun----lfv-e-----l-oad·-····moment--·--·~----~---···=--------------'. _________  --····--"-----·-.. ···-······- - .. ·-----·---:-;:-····:·----:-;-:··"-i-· .. .- -·- . . . •. 
. . 
. 
. . 
... 
_J 
.,, woul(l occ~r, with the live load vehicle_ moving ea:s.tward. Section 
.... 
Q was located 16. 75 feet ea.st of -m-:tdspa.n, ·near tlJE!.: quart.er-point 
of ~he span. 
J 
:-: 
.. 
. ,. 
each· side of each of. the· three gageo .b·e:_ams:. --' Orie gage ·was located 
at the bottom face.,' ~nd the others ·we-re· installed 6-1/4 inches, 
- ,;. 
15 .inches, and 38-1/4 inches,- respectiv-ely, from the bottom faoe 
. "' ... -"·-··-·· , .. -·-··-··· 
"... . . - -- .... --•. -- --.-- ·-·· - - - --·-:.. ~-- ---- . -- - - --- - - - - - ·- - -- -- -. -- - ---- - - - - -- -
__ ,,._ .. _____ , __ ,,, _____ ......... -.... --,-··· ----- ... - _ .... _ ...... -------------·--·--·•----· -------·--··-··-- -- -- - __ ...... ····----· ---~ . ---· .--·--···--·-- .. ,- .... -.- ... ,..; ... ___ .... - .. , .. _., __ ,. --------·, .. -·--- . •,·-··-·-~- ..... -·-~ ·---· 
of the beam .. Since the cross-section :was symmetrical, only \ . 
. 
- . 
.. 
· ·· Beams A, B, and C were gaged. . A~l of the beam gages were located ___________ ;.·w-···--'"·:-
, . .::.:.::;c::s::.c:..;==z:;;.;:;::·.,. .. -"'":""··· ·•. ·~;;::-:::;,:.;;.;;:;:.;::::::=~:::,:..-...;_~:.;.:::.;;;:.;.--_:·=-..:.:.c•:-..:.::~z:::- .,., ;::;::,:::::..;;.::-::..::..-::.;:..;.;.:;.~=.::.:..:.~;;:~:;;::,.: . .;.;:;.~~-,,. -.-,·c·~.a:.::.:.c:c:::..~-;;:..c:. ·:;:.:..:,:::;:-:;:,;,u~·~c•r-, ··"_-:::_ ~-~JF'=".f~~~-.. :,·~~ ':°'!.7f:;:·_ ~~ ,·-:_:~:,;;;.;:..;;.:,.:-:;:~·--, .. a ~:;.;~;::.:::;.:..--;::);;;;.:.:.:,~;::;r..;;;::c~;.:.s=~~;!:..,:} · ,. :,...':£;~~~-,..:.;;. --· ., 
at SectioFI-M--._._- T~ansverse _gag_es C>_!:} t!ie __ ~urface of the concrete, . 
and gages on the· transverse slab reinforcement-, \vere applied at 
•I 
-- ---- ·-- --- -, - -- --
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. _ .. 
--~-----·-·-----··--····--····-·------ . ------·---··--.--
--- -···--···- ---·· -~-"·---'···-··=---------· ·b~t-t1-~s,:e-~tior1S"-~~1 ctfld·.CCQ-; ··=as Wlo sfiowri.in. Fig. ·3 .... Thi's ---report. will not· ······ ___ .. ····-· ......... .. 
- -- ------ -----------·--------- ·--- --·- ---
· ·-···-···- ................ - ... ·--·--······ - - - -- . --- -·---·---- - ------- ------------·------------·------------ -- --------- ----·- -- ------
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- . --···---·-
--- --- - --- ---- - -- - -- - ---
--·--·-····-····"··-·· ------------------ -• - -- ··------·--------··----· - --- -··-
------ · -i·nclude the results obtained from -t'.he transverse slab· gage.s and 
the slab reinfoI'cement gages ..• 
• 
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The deflect-ion gages were· applied a.t Sec_tion M on the 
middle of the bottom _face· of each of· the gaged beams··- _ 
' . ·~ ~ ' 
I.:'.,. 
------~--'-----:: 
.. 
. . - ----------·---
~ 2.2.2 Position and Timing Indicators· 
_, 
I 
Three air ·hoses were used as position indicators. They_ i:' .J . . 
.:,: ' 
were.placed at Section M, and 40 feet each way from Section ·M~ ...... ,. 
I ' 
The distances· were · measured along the· ,,.roadway' center-line, anp " ..... . 
. 
the hoses were.placed normal to that center-line •. Vehicular 
~ ----
----
-·------~--·· .·----··· .. --·-··---·- p •••• ·-
~--··-··-···--·-···· ···-
----------·····------~---··----···- ...... ···-····· ··- .. ,_;,; . ~ . 
. ----------··-P'.--···::;:--·.-------.-------···wneel ··c·ontacb§/ with .these thre~ hoses produced offsets on the 
-. - . 
0 
' 
.oscillograph traces. The offsets were used later to correlate 
'.. / the location of the load vehicle with-strain values in the.data 
. ... 
,II 
II 
I~ 
,I 
I 
. ' 
-··· ...... -··-------·-.. ·--···-··--··-·-:·~·-z-:·::"""""':··:·-:·~=-------··:-·~---:-·-·-------····-·······-.. -------·······--·-.. ····-·-r:--~-------········-·-·······-·--·.:..···--·-···-··-···-···--·-·-··-··-·--.. --.. '.~·:-·. ----·---------·-~·-:...-··-·-··--·-·--·-·--·--·-·-·---···--·--······------···--·-·····------·-----·--------···--·--·--------··---···-···-··-·······------·---·----.. ---····-···--·--··-··---------···--~·-~·-·-·---,-·-·-·-· .. ·------·--·--·-·--···-·-------··-··------·----· -~·-·::~:-::---···----:----·~···-··-··------··---·---· --- ~ 
• 
· reduction. Two additional hoses·, _ 180 feet apart, were used as 
timer hoses to monitor the speed of the test vt~hicle. A timer 
was actuated as the f~ont axle of the .approachi~g·vehicle passed 
over the fi;st o:f the timer hoses, and was shut off. as the ·front 
. ' 
. axle passed over the: secor,id · timer hose-. _, T.he late·ral .position 
:~ 
indicator consisted of· -~ :Line of wood:en :S la:t.s m.ourite·d ·to pi vat • ___ ,,,, t, ... , . 
)'• 
,,, 
. ' !- 1,..:::.1\ 
. 
' . on c1 h_Q:r_i~ __ Q IJ.t~_l ___ l'_Pd __ ~;,~------lt~f or.e _____ __e_a.e~h_ __ te--8:.t~.-:r..un_, ___ all ___ of __ ..:th.e_:_s_lat_s ____ w_ere _________________ _ 
--·····-
.positioned vertically~. - ·Duri-ng_ tne .. ffass-- of the·---ioad vehi"cle, a 
vertical rod mounted· on the ce·nter-line at the front of t.he 
~ 
. 
c·' c~:""===.,..rf$ . ~ ~ -_ vehicle .. w_ould-~d-isp.laee om~· Ol" two s-la:ts, thereby 0 !-nGieating~ "Ebe...... --------- -· 
. 
. . 
" . 
· lateral vel\icle- location_ as --the vehicle passed over ·.the·----·b-rtdge. 
' 
.,•-~--~---·----·-~·-••··----·-·-;•--••·•. •-• •• --· .•.••-•.-• ..... --------··----·---... T ,,••••.:•·.··-·- ·-v-·--·---- ~ ." . •·--- ••• • . •' ' _______ ,......_ -··--. --- ----- - ---__ ::.-:::..:..~"":".".":"-.----:.----=----- - -···--.. ·· -:-:---::~-~----.--:;-.-::~---···;-c-~~c-:-----:- --------- --- --····- --- --···---·-·-··---·-
---~ ~-~ .. -
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2.3.1 Test Vehicle 
·..;:,.- . 
The test vehicle used in tl1is: s;~tot1dy: .. was a three-axle 
.• 
··--,·:: 
. 
. 
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diesel· tractor .semi·-trailer combination which, when pr·operly loaded 
-
with aggrega·te material, closely simulated an HS 20-44 de-sign_· . 
vehicle. The axle loads and dimensions of the test vehicle, and 
of the design load vehicle, are shown:in Fig. 4. 
·.•,· 
2.3.2 T~st.Lanes 
' 
. Seven test lanes, which marked· the locat·'ion.- of· the cente.r 
of the· tr·uck during the test ru~s, were located on the roadway as 
shown in Fig. 2. ~ ' For :.Lanes · 2, 4, and 6, the center line of, the 
truck coincided with the center . lines of· Be·ams B, C, and n· respe-c,:-
ti vely. For Lanes 1, 3, 5, a~d 7, the CE{Ot~.r of the. ·t:ruck. wa$ 
. .. -·--- . 
-- ···- -· - - --------~--- - - ___ . ., .. 
,- ___ _,.. __________ : ~··-· 
·-- ---·- ···---·· ---·-·----·-------·-'- ----------·-·-··-· ·mi-dway ___ b.etween beams·.. --- -- -••---•-•·---··-••• 4 ------~-...----••••-.:·------·---- ~- .~,--------'~-·----••·---,-~• 0 ,- -·-.. --.... -n•••v•• •••--•·•---··-·-----, ___ .:_,._•_._.~'•-•-:.:.;.:.•..:.....'-•.;_.,_ __ --• • - -·--•--h-Uoo•n•--,•-· --- - • 
\ 
I.: .. 
,;. 
>, _· 2.3.3 Test Runs 
In the field test program, 22 crawl,· 70 speed, , and 1·1 · 
impact runs of the design load vehicle were .c,o.hducted, as list.ea: 
in Table 1. Crawl runs a·t a speed of ·2 • .-5. rrip-h were considered to 
.. / represent the _static. l,oading c·t>I!gition_. 'f_hree cr~wl runs: were 
/ 
.,.. '. .. _____ _. ____ - ------~-· ----· ---··----. --- - ------------- - ---·-· ·----~~-----·------ -·--·-··-----·--·----·-·.--- .. ________ , ____________ mcid_e __ l_n_e-acfi~"o~f. -~tfie-~"s·e~v--.en~ ·1:··~ ·st l ane'S • Nominal Spee·ds- :(p the 
II 
., 
' ' speed runs ranged froin: :5_ rnph. to :·6,0 mph, at int.ervals o·f 2. S. mph • 
. 
"'·-~""' .. . . ···',.-·---· .. ___ , .. _, --, .. -,, .•... ,-. 
O~e rµr~ per_ lane was made in La9es 3_, .If,_ and __ ;i ___ at ... eac.h. 
1
n-omi-na-i-"----- · -··· .. · - --· 
,. 
---
------·--- - -- - ---
- -
sp~ed. All crawl and spe_ed runs; were eastbc;:,und .. runs. . ' To conduct 
J--1 . " . -· ·- - - - .. -·. -
- - - ---- .. ·-- -- - ··----····-·. -----·--·-- - -·· ····-· .. .. -·-·--.-·- . 
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ramp was_ positioned to drop the truck· wheels at ·section M. A 
second group of ·impact runs was conducted with the ramps . . posi~d 
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3 •· DATA REDUCTION AND EVALUATION 
< ::c-=--- '1"' • 
------------. --------·- .· · --~' ~f3~ l Osc1~1]!ograplrReading----~---. ·-----=-----,·,=-,--::~=---- .- --;-·: - -' 
. \ 
\~ Th~ reading ·of the oscillographs to obtain strains and 
deflections was don·e in the manner described in Reports 
.. 
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N6s. 315.13 and 315.~7 and in other previous progress reports. 
Basically, for· crawl runs the ·maximum ·vertical excursi(?n. for each: 
gage always oc·curred at the locat1on .of the offset caused by -the 
. 
drive axle hitting the air hose~ th; test section. For speed 
and imp-act runs., -the: ma:ximum vertical excursion d-id: not occur 
exactly at the loc·a_t:i-on of the offset:. /f Th·e ne·a. .. r:e:s:t. p~:ak_ v~lu~-· 
-------•---~~~~~--· ~- ··.--~--------------- . -~~·--~~-~~~-~~---~---~~~~~~~~~~-~~~-~---~---~~~~-~-~·~~-~=-•-·· ~-·-~r=-~-• ·---·····-••~~~·---- .. -- -- . ·----
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• I 3. 2 Evaluation ·of 0$cillograph Data 
3.2.1 Strains and Neutral Axes 
To convert oscillograph trace :readings to. strains, a 
; 
Fortran _IV .~O.~JlLit~r pI"Qg_r_am._,_ U$ed with. a C_DC fiijQO comp_uter, was . 
developed~ to determine strains. The program input consis,,ted of· 
. . "_ .. ·.. . . , gage info~~~on -and ru,n-information. Gage~~~o:n~tiQ~r which~ 
wa~ invariant in each run, included the lo·cation of the gage, 
-t .. 
· lead cable. length, gage. resista·nce; .and gage· factor. 
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' subroutine1 of the computer program. was developed to .plot the i 
strains. Then; a linear strain distribution. for each beam face 
---- -- ------ --- ----
~-~-------
-
- -was obtain.ed by the method of least squares·.· It is· significant 
' 
-that very few poor strain readings were discarded by means of the .. 
..... 
~ 
. 
> 
statistical ·reject:i()Il. t.~~hpiq.tJ~ which_J~as_ developed_ for thi-s pur----- ---
pose. From this straight-line strain distribution the location 
of the neutral axis was obtained for each berun. 
3. 2. 2 ·Moment Coefficients. and Distribution Coefficients · 
The moment coefficient, defined a~ the experimentally 
developed bending moment divided by the modulu$ of elasticity, 
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was used to represent the_ ~_Q!!!~_!!t ___ ~J1:rried __ b_y __ each _ _beam, and by '- . -~·- ------·--~·, c, .... ~-·--"-·----- -··-· -·· --•-·-----~-----· -----·-·--···---------·----- --- ....... 
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the entire bridge .s.µ)?erstructure. Two methods were utilized in 
this study to obtain moment coefficients. The assumptions and 
procedures used in these .two methods are aescribed in Section 4 
of this report. 
' After determining the· :mdme·nt coefficient for each beam, 
the distribution. coefficients, which .. represent t,he perc·entage of 
' 
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~ -- -------------------------- -------------·--·-flie-··-to-fa-r--·ven1c.l·e "'momeiit-- distribute.a· to: each beam, were. de·termin·ea ... 
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The distPibution coefficient :for e.ach beam was defined and calcu-, 
lated as the ratio o·f the mome.nt coe.fficient for _ tha.t ..... beam, .. ·_ 
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-divided by the sum of the moment coeffici;ents for --~_i:t. five beams, ... ----·----~ - ---···-·-·-··· --- . - ·- . -- ·-
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was . derived by equating the total vehicle moment prorluced across ;-· 
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Sectiqn M to the. sum of. the moment coefficients for the individual 
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-
~- ---· --.----~ ----~-~beams, --m-ulti--p-i--:tea-oy tlie modulus of elasticity of ·the beam con-
crete. This value was computed fr.om data -col-lected from each 
crawl run of the test vehi.cle. 
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3 .2.3- Distri-b-u-tio·n ·Influence Lines and Distribution Factors 
~ , I 
/ To evaluate the distribution factors for the individua.l 
beams, the influence lines for a·i~tr1.bution coefficients for the 
r 
individual beruns were developed. . The·se influe.nce lines reflect 
\ 
·. th~ percentage of the total bending moment carried b·y each beam . 
at Section M, produ_oed by :th~ J_o~g v~~~le_ .at the various. lat-era-1- -- _ ........ -
.... ~-·--·-- -··- .... -
..... -- _,.. ---· ___ : .. _·_,_,,~.:..---·-··· .. ~ .. , .. _. ... ---
positions on the bridg~. To utilize the i~fluence lines for dis~ 
tribution coefficients in developing the distri·bution factors-, 
three standard trucks were placed on the roadway in accordance 
. ' 
with the lane provisions outlined in Section 1.2.6 of the AASHO 
Specifications . 1 · In this regard, the trucks were positioned i.n 
' ·, the defined design traffie lane$ so ·as to produce the maxim·um 
6 
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3.2.q Deflections and Deflection Influ~n~e Lines 
d. ! 
Deflections were also conv-·erted- fr.om oscill-egrap-h--t-r-ac·e ·· 
-readings by computations. To evaluate the vertical de£1ection __ 
~=~=~ = ~--~-·--
.· cnaracf e-ris.t:fc s _o_f. ind!Y!_Q_ual ___ beams.,._ .. rhei.nf-l.-ue11ce- 'lines·- for-vert-i--L .. . -- ... ~··_·. 
- ---· . --- - ---·- ' 
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cal deflections were developed. The deflection influence lines 
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reflect the vertical-_deflection at Section M in each b·eam, produced 
by the load, vehicle at the various lateral position~ on the bridge. ~ 
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3. 2. 5 Dynamic Load · Factors· and Impcfct Factors · 
.,"/ j .·· ...• •.• . .• . 
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-----~·--- -- --. ~Dynamic load factors an_d/'impact factors--were used to :i-
/ 
/ 
reflect .the effects of vehi9J:e speed (sp~ed runs) , and of a con-
,/ 
. ' 
,/ 
trolled impact ··ioading c~ndi tion (impact runs) , respectively. To· 
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·. 
evaluate the dynamic load factors a.nd impact factors for the struc-
tural response of individual beams arid of the- entire bridge super-
structure, two methods were used in this .study. First, the dynamic 
load factors (or impact factors) were computed as the ratios be-
tween the moment coefficients due to moving vehicles (or impact 
loading) and the moment coe'ffi-GieptEi due to crawling vehicles .. 
. . du~ to moving vehicles (qr impa·ct: .loading) divided b_y· ·s.-tatfc 
defle.ctions, · while both ntovin:g_. vehic!-les (or impact lo~ding) ano: 
... 
l.· • 
crawling ve-hicles wer.e l.o.catect a.t the same l:ateral.: pos_:iti.on_. :.,.. 
· ' For individual beams, the )ynamiC\ load fact~•rs· anc:f 
impact factors were -cromvuted _ a·s follows: 
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where lnLr) = Dynamic Load Faptor for ·Speed Runs . 
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and m and d indicate the values obtained from moment coefficients ' I II 
' ' I 
• I 
. 
,: 
. --- ,----· --·- ·--------------.,·-·---
------_. --- 11 ---------------------------------'·_- -----·-------·--~-and· d-ef-lecti-ons-;-re-s1re-ct-i·v--et-y-~-.. --The moment coe-ffic1ents and deflec- ' ~ 
' . 
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particular beam under the same particular laterttl position loading. . 
~ 
·. For the , er:itire bridge su_pe rstructure·, the dyn~m.ic load 
-, ,• 
factors_ and impact factors were . computed as follows : 
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( ~ Moment Coefficie:nt) at crawl 
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at speed 
(DLF) d, = 
at crawl 
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where 6 is the deflection of an individual heron 
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on d~flections, is the approximate ratio .of the ~oment of inertia 
'i 
• 
to the moment of inertia of an interi.or beam-slab composite sect~n. 
., 
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For convenience in developing this ratict, it was assumed that the 
beam-slab -e.omposi te section was takerr. as midspacing-to-midspacing 
I 
of beams for interior beams, and edge-to-mid .. spac:tn·g for exterior 
. 
.' . . ~ .. 
r 
"-be ams, while the exterior beams inc.lude the e.ffect of the. C?urb, 
but not the parapet. 
,.· 
.. Following is a tl:eriv-ati.on 'd:eveloped in earlier wor·k by 
15 Fang, et al, · resulti:ng :i;n_. a ,simp-lif:ied expression for the total 
_l 
internal bend.ing moment, {Mx)int:·'· at· a.. particular .pross-section ... 
' 
of the bridge superstructure.. This .express.i.ori·, ·wh:ich yields 
(M~) int as a function of b.e:arrt a:eflect:ton~ .fo_~ms the basis for 
the equa-t:_to~$ for (DLF) d and (IF) d. 
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F = a certain function depend_ing on _the bencling moment 
diagram and on the position of the .. secti·o.n 
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6 -= deflection in ·vertical direct4.on 
I = equivalent moment of inertia eq 
/'. 
-~ The values of E ./F. for each of the beam-slab composite sections 
. l. l. 
/-should be equal for a particular cross-section. Therefore, 
:f· 
if f = E ./F. :, 
1 l. 
m 
(M ... ") ·= f " 
. }(:' :':l .. t1:t ~ 
i=-1· 
where I. ==· 'l-•. 2 I ... fo.r ;i = ,A,, E 1.. -- -· .- .. x· 
I ... , :=·, -r fo,r i 
· 1 · x· = ·B .,. 
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then 
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3. 3 Frequency, Logarithmic :p:ec,·reme·n~ 
_"j;·_, -" '/"L. 
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lines · on, the oscillog1raph trac.e wa,s ,.ftsed to determine the fre-
quenc-ies of :vibrat-:i-.cth: of the brid:ge~- Tlte loaded· ':frequency· ·Of 
.,_. ' ... '"' I 
1· 
·-. bridge vibration with the load Vehicle at Secf:ion M was determined 
by usi_ng the maximum peak-to-peak pe.riod (o:r peri·ods) of vibration. 
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Se1ected runs by scaling the decreasing amplitudes of successive 
decaying cycles of residual vibration, where 
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. ) 4. THE COMPUTATION OF MOMENT COEFFICIENTS 
·ir-·· 
:. 
Two differe~t methods, which have been utilized in the 
'fl 
j. previous work, were used- to obtain _the moment _____ coefficie_n_t.s_~ __ i_..__.n~- ~------------·------;... . ----------~----·----·--··-------------------
' 
. - -;J,:..'""'---'· ---'--------·-- ----- --- --- - -- ----------- . . 
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this study. The first method was used in the work presented in 
.. 
. - 3. 4 - 5 6 7 8 Reports Nos. 315 .1 , 315. 2 , 315_. 4 , 315. 5 , .315. 6 , and 315. 7 .. 
On the other· h~nd, t~e second me:thod was ~f-i'PS-t- -used by M. ~. 
, . , 18 Macias-Rend-on; as outlined in Report No. 322 .1. 
~n this study certain as·sumptions were utilized. With 
the linear strain distributions, neutral axes, and the dimensions 
of the cro.ss-sections, two separate ·Fortran IV coi:nputer programs 
were developed for these two :me-thod·s·~-
4.1 The First Method 
---~------- ---------------
-- ------------
--~-----
---------
Q.1.1· Linear Strain Distribution 
From the previous_~tudies, it was cbnsistently demon-
strated that the linear strai.n distribution of the beam-slab unit 
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--·-····-·····---,·---·-·-,-·-··---------e)cte·naea··up-- thro-ugfi ____ ffie-C:Llrb -section for the exterior beam. 
Figure 5 shows the plots qf the str~ins along the ~ide faces of 
~.interi.or . - . 7 . and exterior beams of the Philadelphia Bridge,. in~icat-
. .. . ing that full composite ~ction existed between the beam, 'slab, and 
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and the test spans differ by 26 ~ncpes. Therefore, sinc·e it was 
. c--,-,--. -J- .. ··----·-....... ---' ... - •••••••• ,_ ••• --·----.... --•,-·-·--
-- ' - • ·- -- -believed that the linear strain distribution would -:~xtend through~ 
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r · the slab and curb in the Hazle to~ BPidge, no longitudinal gages 
I 
were placed on the surf~ces of the curb and slab in the vicinity 
··t,_ of the. exterior beam. 
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4.1. 2 -- ·consideration of· p·arapet 
Figure 5 indicates that in the Philadelphia Bridge, the 
linear strain relationship extend~d only up ~hrough the curb sec-
u 
_________ tion, wlliJ_e __ re_latiY_ely _low-s-t-rains were- found in the parapets. - ·· 
Ttierefore, ~n this. report, the effect of the parapets-wa·s neglected 
- - -
--, ---~ 
\ 
in the computations. 
•. I 
4.1.3 Use of Symmetry and Superposition 
( 
Since the cross-section of the bridge superstructure wasT-
synimetric; only Beams A-, B, and c. were gaged. _The moment t!oeffi-
-----· - - -- --- - - '!.~- -------------~----o'--- ---~------
---~----
___ c ient s-roi1-Be amii-ff and E were then taken as the values from Beams ... 
A and. B, when the vehicle was located in a symmetrical test lane 
I 
__________ on the opposi-±e si.de--of____the bridge.- For insta-ne-e-, the moment--_: ____ --.~-~--------
. I ' 
_ coefficients _in--Beams---C,----ll,: -and- --E---wi--t-h--v-e-hrc-1-e ---rirnnirrg·· itr· Ttfst· -
Lane 3 were considered· te be equivalent to the moment coeffi-
,1 
cients in_Beams C, B, arid A, respectively, with the vehicle-run- o.· 
ning in Test Lane .. 5. The use of symmetry and superposi ~i.on was 
verified in the Drehers-ville Bridge study conduct·ed in 1964. 4 
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4~1.4 The~Mod~la~ ~atio 
. '-~~-···.·._:···· . ·- ---.-· .. · ·.-~- ·_·:···--···-·· ... -· ... ·.--.·._ ... ··--·.:::. ·,··:· .. ·_"·"':.~·-:;.:· ····-;· ... :·· .. --·.;·::··-.:-··· .. ··~·-_ _._ .... ·-~-··--·~··-- ........................... ··---,·--·-·.----··-- .~--,,,,_....an .... -,,.u~U.'>!..,,~~,.--~-~~~~---- .. . 
~-------,---------"' --~· oo.e th-e-!IlOGU--l--i--gf e-las-tici ty ?~ _:_~~::r::~~~,, ... f '?~ .. be~_, ______ .. ···----------·-·---~------- ---- ____ _ 
.... \ 
-~-••••·-""'"·"• ·-· 
-••••• --•< 7 ._ •-+· ·, ··-~·-• • rL~<,-C• ••••- .~" --•+--•- ._.,~+-•••· -
• ! 
··-------~··-····---------·---·-. . . . --·--... ~,;-- -s·lab-, ·-an:cr···c"ifrb--··were. tihkhown,. the actual-ratio of the elastic 
. :· 
~-. 
.. 
.. 
..... 
:, 
t 
.' .· .. 
/ 
.n --· .. -I - ..... '-:\ 
r·1'1'1,, ....... n •. ,. 
- ____ :. ____ -· ___ ,.: __ .,~~~·~··- -----~----··--·---·- ---- ----. ~·---.--- -- ,-, - - . -- . ---~ ·-·----~- -----;;--:--- .. -------------
I 
I 
,., I 
,.j · ___ ------- ------------ -
modulus of the· slab or c'urb concrete to that of the beam concrete 
I 
could not be obtained. In an ·eartier analytical study, 10 it w~ 
. I 
showQ that the variatioq of the modular·ratid would not cause 
. significant __ chaQg_es ..... i_n_ ___ the see-tion--meaulus a-nd-the moment of -·--------·-- . '- --=--~-..... . ... ":". ---· -- - ·----·--------·----~·-·-·--·---···---- . 
. 
. . - . 
inertia of the beam-slab unit·. · Therefore, in this study, · 0. 8 was 
·used as the value for the modular ratio ~n all computations. 
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Since no longitudinal strain gage~ were placed on the 
' slab, it was assumed that the longitudinal slab strains varied 
linearly ·over _the_ wid.th c>f slab which acted compositely with each ,.... . 
beam. 
4.1.6 Supp~rt Restraints 
In line with previous field. studies :'O·n this project, it 
was assumed that longitudinal restraint p.rqduc.e_c:l by the end s·up-
ports was negli'gible. 
,I 
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-... Since the longitudinal restraining foree-- 1·n · -the·· :memb·ers·-·· ·· 
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was . neglected, the _corr1p_p~s-~iye fs.:,rce. on the cross.-section was qom--. -- - ---------- --
,~ :"l. 
pu.ted to be equal to· the. tensile force . _____ J1as.ed_ on· this point, the 
effectiVe wid,th of slab (and curb fef->the exterior beams) of ~n 
·-· ... !> _________ _ 
ind'iv.idi1a1··-·beam=slab·uriit .. ,J,tas ·c-aiculated1 by 'the transformed sec..:---· -
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q.1.8 Computation Procedure 
First, the linear strain distributions and the neutral 
axes were establi"shed, · and the \effective. slab widths for each of 
---------'--+--.. ~---1:t::-t-the---be-am--s-l-ab-units-we-re-c·alcu±ateu-;---Tn:efi~---·-usfng the previously. :i 
•, 
·.1·· ·. ·. 
i. 
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I 
I 
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computed effective width of slab, the moment of inertia for each 
beam-slab unit (I) was computed. The.moment coefficient of each 
-individual be~-slab unit (M/E) was calculated as Ie/c' where e 
is. the fiber st·rain at the bottom of the beam, and c is the dis-
t_ance from bottom of the. beam to the neutral axis. Next, · the 
momen,t coefficients were used to determine the percentage of·-
' total resisting moment distvibuted ··to- each beam. · The distribu- -
tion coefficient for a beam was defined and cal.culated as the 
. . 
ratio of the moment coefficient for that berun, divided by the sum 
----: ·=:-- --~~ of_ the_ momenEc_o_e~fficie_n_ts __ f_or _all f~ve beains, .whil_e_--the-te-S-t---~~------
vehic le was located in a particular- test lane. Finally·, the last 
........ ____ ... ······----··· ·---····---
... 
' . 'I\" . . :~.-, .. r • ~· . 
' step was the calculation of ·the eff·ective value of the modulus of 
elasticity. This value was ol:Jtai_ned by dividi.ng the external 
moment (produced by the load vehicle) by the total moment coef-fi-
cient of. the bridge superstructure .• 
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lf..2 The Second Method 
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assumptions made for the firs.t 'method were a1so mad--e for the 
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. --- second method. These"five assumptions are outlined in Sections· 
' q.1.1 through. 4.1.5. 
q.2.2 Support·Restraint 
·The average value of the· modulus of elasticity of the 
beam concrete, as computed in the fir.st method, was 7,120 ksi. 
This relatively high value in~icated _ the possibility_. that the 
·moment coefficients might be low. Therefore, consideration wa~ 
'\ \ . . 
------- - -- --- ------ - -~---
-- ---- ,.---- . -·· ' ' 
- .. -- ---~-------- g~v-e n to tlre· ··effe.ct· or··--tlie--Iorig!tudi_nal · end-support restraints on 
the· computed resisting moments in the_ individual beams at the -·test·, 
-. --·----·------·--··--·---·--·--·-____ ,,_ --------- ----···-· 
~- -~secti·on-. -If_--t·h-erewasa--signi6anr ,effect, --the -total resisting 
moment-in each berun would be reduced 'by the ~egative moment induced; 
• by the end-support restraint. As a result, the cro$s-sectional 
. ' equilibrit.UTI obtained by assuming simple end reactions would not be 
,, ' 
--------------------------- -va-lid {a~- --des-erib-ed--i-n----B-e·ctf-on 4-;-t)··-:---·Tnererore-;-- iii cons1deririg ------------ .. -
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end-support restraint, it was assumed -that the longitudinal 
restraint force was acting at the support level, and· that the,, 
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individual moment percentages. 
4.2.3 Slab Widths 
-· / In order to compute the total longitudinal restraint 
force, it. was initially assumed ~hat the individual slab. width~--~of ....... _: ____ :_ ____ =-------·-----------~~ 
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. beams, and the curb was included. Consequently, the value obtained 
for the total longitudinal restraint.force was upper-bound. The 
external moment due to vehicular loading, which included the end-
--
support restraint, was then equated to the resisting.moment of the 
cross-section. 
lJ..2.4 
1. 
The Analytical Procedure of the Second Method 
First Cycle 
------ - ----- ·-----
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- -------~ - --- - -- -·--- -- -- -- -------------------------· - - --- -- -- - ' - - ----- --- - - -
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a. With the initial individual slab widths (as 
defined in Sect.ion 4. 2. 3) and linear strai!!_ ______ ·--~ ~ 
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-------- ·--------------------- . 
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distributions, ihe total longitudinal ~estr~int 
force was calculated as the sum of the unbal-\,-
1 
anced forces on the_·_individual beam-s·lab units. 
tributed to each individual beam-slab unit in 
. -t 
proportion to the individual moment perc~ntage·s.-!. 
In the first cycle the individual moment pe;r·-
--···-····-·········- ---·--·· -·-.·--.. , . .,_._····.·,-····-.- ... ·. ·:: :-····· , .. "., .......... -·,···:··:··-·-···'_"···-····.·---,.~--..... ·.···-1:-,·-·····--· -·· - ·-··-··············-·-·····--· . ' , • 
··, .. · .. . 
"'· 
Ill 
'II 
I 
--------r 
,:11 
\ 
I 
' 11 
. 'll 
,' 
------- ----··--------------·------· -·. - · · .. ----- · -.··.~-~---.-. -.. ---. · ___ ----ee·n-t·age·s------we re ·-·:-o-b-ta:tnea-·~y the . app!i .. cat1·ori of . t~e ·· · . -----· 
.I 
:· :! 
:.., 
~~- .. ·--·-·----· ··-- - - •" 
.,.J, 
f-irst method (Sec·tion 4. l) . From the second 
cycle on, the . moment percen-tages_ used were those ... ________ ,_____________ ··········-···---------~-
obtained in the previous cycle. 
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. the individual beam-slab cross-sections, new 
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by equating the net normal f"orce on the ind.ivid-
ual beam-slab' cross-section to the individual . 
.J 
' longitudinal restraint force determined in 
step b~,, .. 
d. With the modified individual beam-slab.units 
based on the computation in step c~ the new 
moment. coefficients and the moment percentages 
for the individual beam-slcili units were obtained. 
2. Second Cycle 
----------·-
. 
Keeping the total longitudinal restraint force c.on-
stant, steps b, c, and d of the first cycle were 
repeated. 
3. Third, Fourth, and Fifth Cycles .-.. 
--~ 
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Steps b, c , and d of __ the first cyc:le 'We-re repeated . 
A-t the completion of step d, the. moment coefficient,s-
' ., 
were modified by linear ex-trapolation. as follows: 
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It was· found· that the moment coefficient· converged 
I 
t 
v_ery rapidly. Within five cycles the moment per-
centages obtained were in good correlation with the 
field measurements.· 
l 
~ ... 
q. The experimental modulus. of elasticity of the bridge 
superstructure was derived by dividing the sum of 
the moment coefficients into the total moment pro-
l 
duced by the load -veJicle at the maximum moment 
section . 
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· :5 .1 General .. --t .. • . 
·· ··The resu~ts presented are based on -the :a··ata :dbtai·ned: . ti' 
from the· longi tudtnal gages and -deflection ga_ges located at ·the 
maximum moment. :section, Section M. The results from the trans-
verse gages and reirtforcement gages are ·not .. included. Since two 
.·. ·: .. 
"''' J .. i 
methods were used t.o· obtain the mome.nt co.e·fficie.nts ,: · fo·r cotrv.e.ni-
~~ 
-
ence, the first J?e.fhod is called c·ase :t, and the. se.,cond me.th:od_, 
' 
~-
Case II. - Therefo.r.~, in:, tb~- ·tables and figures, ·the numerical 
~ values and the- ,··c.t1rv·es -are labeled: a·s Case I or Ca-se II. The · .... --. . . ··' •,-.,. ' - ,·. . ·, . 
number of the tes:t l·a.rte Etnd v·e_,hicl.e SJ>e.ed. a-re indicated, where 
needed. 
/ 
. - ........ 5.2 Moment Coefficients, Elastic Modulus 
The computed moment coefficients, :t.1r~:s_:en:ted in Tab:les I ,. 
2 · ·th~ough 7,. :reflect· th~ m_agni.:tude of. the b~n·din.g moment· ·in :e:ac}b. 
- ... 
,. 
·- . - - -- ~-- -- -1,-:r------ --- -~-- ~"" - - - -- - . 
speed. Tab-le ·2· ·gJ:ves th·e_ .. ave-rage· values of the m.omen-t coeffi-
' cients for·. :cr~wl runs: obt.ai:ned from three diffe~:ent runs per 
lane. T·abl_es 3, 4·, S, and. 6 give the moment coefficients · for ..... -
.. 
7 .••. ): ~ Table 7 gives t;he moment· coefficie-nts for impact runs. 
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modulus of elasticity of the. beam c'oncrete was computed to be 
7,120 ksi and 4,510 ksi for_Case I ~nd Case II, respectively. 
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5.3 Distribution Coefficients · .... 
Distribution coefficients, which are defined as the 
percentages. of total vehicle moment distributed to individual 
beains, are ·presented in Tables 8 through 11. For crawl ru_ns, 
the average values from three sets of test runs were used. 
' C 
... Figures 6 through 13 illustrate the variation .in the dist.ribu.-'° 
tien coefficients for crawl and ifupact rurrs, for Cases I and ·_r .. I • 
.......... ,., ·-·----------' f:.____ . ~--- _ .. ,- . -.. "'7" ••.• ,_. . .. -5~4 Distribution Influence Lines and Distribution Factors 
.... In Figs. lit, 15 ,- and 16, the ~nfluence lines for the 
distribution coefficients are plotted for Bea1ns A, ·B, and C ·wi.th 
~"-------- --· 
-------
, 
. are based on crawl runs. The. base line of the diagram corres- ,,, 
ponds to the lateral location of the center of the test vehicle 
on the bridge roadway. 'l'he -top- line of the ·aiagra.rri indicates t·he . \ 
. 
. 
bounds of the design traffic lane$. Since the dist-rioution c.o-
. efficients obtained ·fr,Q~ Case I an.d Case II were very close, on:ly 
" 
-one line is· actually shown,· al though . points---re·pre·se·rrting b·oth 
-~------. .......;____-.:.....~---cases 't--ana:-rt ·are plotted. t-------. ~~----- --- - ------- / 
. ~ -· ··-···-,- - . --- ·-- -- ·--- ·------- ---··__:___-_:__-___ ·~ ___ _:__ ____________ ~-=---·--~ . ··-· ·-::.__ ____ _ _._ -- - .,---· ---~{: --- ··--·- .----···-----
·---·-··----- ··-·-· ---·· .. T-o ... develop· experimental diS-Lr-i1:iutiori- factor-ii°,-· a design 
--·---·----~-.. ---··-· --·--~-·----· . - ·-·-----------------·-· ----------·-·. 
-----·•-•• ----·--··-·------
-· -• ---·---------- --·-·-----••••--~----••••K-- •• •••- -----·--------· -·· - ---···--·-·--.... ------··-··-· -·· ---·--·------·-····-·--·-·· ... 
.. as .. e~plained in Section 3·. 2. 3. The width of the- design traffic ·_·; 
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. lanes1- for thj_s~brid_g~ ~~s: 13 feet 1l in~h~~' the center.--to-,.Centel'~-· ._. __ 
' 
width of the design load vehicle wheels is 6 feet, and the minimum 
.,.. distanc·e from the center-line of the wheels on one side of the 
' 
--····----------·--'---'""-· -··-... --·-. __ . ..:~ _______ vebicle .. to.-the-----e-u-rbfaee,-or to the--edg·e·---~of-the lane; ·1s 2-feet. · ----~- ~-·------~---- - - ----·--
·-,;;-:'::-··-"' ......... . 
Therefore, to maximize the effects, the center-line of the truck . 
can be placed at a,ny location within the mid'dle 3 feet 4 inches 
of each design lane. Table 12 shows the devel_opment of the 
experimental d:i·s·:t-'ributiori·· factors through use of the }nflue;nce:. 
lines (Figs. -14~16) ~ The experimental distribut·i·o:n factt,r· for. 
a particula.r beam w~s: obtained by ·s.umming th~ thre.e _:maximum: ·di$·~ 
tribut!orf ·co,ef:fi:cie:nts from each design lane, arid mu.ltiplying th·e 
.· ... tota-l-by-two--··s.inee· ·di:stributiotr··:fc:fct·ors are to be applied to· :whe~l-
loads rathe.r than axle loads./ Fi,gu;re 17 shows a · graphical cornp=ari:-- . 
son between th~ distribution £~ct6r~ actually used in-d~sigµ gl 
. - •• J 
J 
. the different beams, and' ·the:" expe:r~iJt!~r1ta.lly developed a:ist,ributlo.n 
. . . •... -.... ---- .............. :: .. : - .. , ..... ----..::. ...... --- - ..•.. ~,.~---·--- ....... ···-······· ··---- ··-· ···- -··-' ·--~-----·~--- ,,, ......... -· ........... _ ........ ----·· -- .... . factors. 
5. 5 Deflections and Deflection Influence Li ne·s 
·' - "..-"' ____ ,. •.,. .. . . ... 
.. -•.··------~--~.-- . - ... ____ ,i__:.·--·~-·-·· ;_ .· --'--· --- -· . . 
Beam deflecti-ons, .. ~t: Section M, lis.ted ·in Tab.i~s 1-3; 1·4~ 
and 15, were directly calcµ:la.te.d fr.om. Q.s,cil-l-og~a~l:b-t1-e--ee~PM~Fi~-:--·~~--~-----
For t}:le crawl runs, ave.rag_·e values· of three· :sets pf ·t:est· iru-n~ W'e.re 
·used. To enable an· .eval_uation of the vertica.l deflect:Lori chara.c- . 
teristics of. iqdi v:Lc:1µq.l bean1s, the.- influenc~e -·lines for -a .. eflec·tions 
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· from the crawl runs are given·in.Fig. 18. In the figure, the 
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locati~tl) of the test lanes. arid_ the design lanes, respectively. 
Figure 19 shows the maximum individual. beam deflections~produced 
by the individual maximum loading conditions.· 
. 
' 1·· -, 
5.6 " 1 pynamic Load Factors and Impact Factors 
The dynamic load factors listed in Tables 3, 4, S, and 
-· 6 were calculated as explained in ~ection 3.2.5. These tables 
' 
-
-
< 
-
-- • • 
-
- • 
-
--- __ : -present t-h-e---d.~~ami-e----:1:-o-a-d--factors--- for indivi-aucrt -beams J ..... 
. ' 
·r-
.. . 
- -- .. ·--· ····~--· ...... -·-· .- ....... ~~·-~·-~······ 
the over-all brid·ge behavior, with the test vehicle in a parti~ 
cular test lane tra~eling at various speeds. These·factors ar~ 
based on moment coefficients·, while the dynamic 1-oad factors -
based on deflections a're given in Tables lY. and 15. ·tables 16 
and 17 list the .1,_ay·namic lo.ad fact,o·rs derived from the fmpaQt 
_ runs .. 
·. . " 
- ..... . - ~~ - - ., 
1 
, -
vario~s speeds •. The values for {DLF)m were compµted -utilizing. 
the methods of both· Cases I and II. Figures ao, 21, and 22 show· __ 
the variation in .t·he dynami9 load. factors for. the individua.l. 
·:---~--------------- --,. . --beams--as- a fun-et±on---o-f--veh·icle sp-eed ,, fur the test venicTe in · -
-----------~·. -- . ·--,. - . ~--- - ..... ,. 
-
-------- ~~ 
J 
Test Lane 4. These figures_ were based on the momen·t coe·fficien·ts 
-
- -
obtained from Case I (Fig-. 20) ,- the .moment- co·~fficients obtai·n·eq --
------- ··- - -- --- ·--- --- ---- - - -.. "t . - --------- ---- --- ---- ·-"'·- -
' 
L----
from--Case II·- (Fig. 2·1) · anti-·-c:i-e·f·iec·tions __ (fJg~ ___ ??}. F:i..gµre s .... 2_3 -,: . _ 
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24, and 25 simi1-arily show th~ dynamic""load :factors for .. the total 
•- . _,. -- -~ ··---·-· . --- --- -··---
,-
. •.' .-,---
bridge as a fu~ction of vehicle speed._ 
,,n-.,·~~•·~-r.--,-,.,~ ----~--c-~,c . .., ·=-·~'----·-•··-·•-·••· ·•· '' , .. ·•· 
- - .... _ ........... ·--~ ... --~--··-.. -...... - '··----·~-- --·- . ---- --- ·-····--·-"·-·-··""' ............ ~~-........... - ...•. " .. ,,,-- ... ~ .... ,- ·- -· .. 
·. 
, .. 
.... ·. 
• 
... '_J:O~ 
I 
J . 
_ .,,.,,. •-••••-•• •··""-- .~-,d-.,· -•" ,,,,,·,..,,_ -••- .,.,_,, ·. --~ •-••••••-•"••·••-,-·:~T-,C~ c., ... .L.-., ---•""'·- -~--·--·- ,...,__ ____ ~-~-•·•-••·-••', 
\,;I 
.' ~~ ?...=« .• ,,,!, ... ,r-,...;:r:."'",. 
,• •r. 
- •---·---------- -----··----'··• -~ ~--··--·------·-------·---~-·---~~--
-
--··---:;--
-----··- --·~-------- ~-- - ----·---· ·---- -- --- -------·---~ .. ·--··-----.·-- .. -.·-·. ___ ,, __ --. --
---
- --------·--~--- ___ ....:··· . -.·-·-·-·-------..... -. --------
' T .•,,. 
. i 
' +·- -
r 
i 
'1 
j 
I 
,. 
r 
.,-· 
,. I 
.• 
. 
·s .• 7 . Neutral Axes 
I , 
Tables 19, 20, and ·21 list the locations of the neutral 
axes, described by the·distances from.the bottom face of ... the beam 
... to the location of the neutral axis -on the left and. ri.ght vertical 
faces. Table 19 lists· the lo&tion of the neutral axis for crawl 
"'\ 
I 
runs and impact runs. The location for crawl runs was obtained· 
by averaging ~he values of similar test runs. Tables.20 and 21 
·list the values for the various speeds while the test vehicle ran 
in Test Lanes 3 and 4, respectively. F_igur·e 26 sh.ows the typical 
neutral axis location for crawl runs in the v.a:ri.-ou.s: tes·t lanes·. 
5.8 Effective Slab Widths 
Table 22 lists the effective slab widths: ·for each beam;. 
·s., 
.. 
as determined for crawl and impact runs. As before, the crawl 
. ~ 
run values represent the averages from ··thr.e .. e ___ simill,lr -t.es-t~--run-s. 
'-4. 
,, . 
Table 23 gives_ the total- -effec-tive slab wid-th .for Ca:s·e·s · I and II, ' - ' 
with the test vehicle traveling in Test La:nes ·3 .and ll at various 
speeds. Table 24 lists effective slab widths. for :eac:h, beam for 
Cases I and II, while the -test vehicle is trave.ling at various 
------··-·· . -. -------·~-
------· -----·--~~--'-----'--------~--s-peeds- --i-n-·--'f-es-t---Larre s-3--ana ---··tr:·- --·sr-ffi::!:e ____ the r_e_, __ wereno~--limit ati oris 
impo_sed in calculating the effective slab widtl1 in both, }the 
' effective slab wiclth of the exterior beam and.· the interior beam 
. 
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-
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zones gave an upper bbund solution . 
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.. 5. 9 Frequencies 
All frequencies of br1.clge vibration were obtained from 
the oscillograph traces of the three beam deflection gages. 
Since the entire bridge would vibrate under the vehicular loading, 
the frequencies of each ·beam should be equal to each other when 
the vehicle was loaded on a particular test lane. Thsrefore·, the 
. . 
· average values of these f requenci·es were obtained f rorri three 
r 
deflection ga~s. As a matter of fact, oscillographic recording~ 
· showed that these three values were. almost identical. 
• 
·" 
The fundamental unloaded natural frequency of the · 
Hazleton Bridge computed as the average value from 40 test runs, 
. ' 
. -
was·· 5. 75 cps. Table 25 lists the loaded frequencies of bridge 
vibration with -tes·t vehicle in each particular test lane for 
impact runs • Tab;le '.2·6 lists the loaded frequencies of brid-ge· 
,. ,. 
-- .,.., ······ . ·-·. .. ".: 
vi.bratiqn w:LtJ1_ the. test. vehicle .. i.n ''rest. Lanes 3, 4, .. and s.. ·r'ri 
order to compare the dynamic .load factors with the tes:t v.ehicle 
• 
in Test Lane 3, the average frequen·¢·y ·of the loade:d: :;fre.qu~ncies 
under the test vehicle in Test_ Lane :3 -and 5 'Were calculated. 
a function of vehicle speed~ 
5~10 Logarithmic Decrement ~·· 
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To gather the needed data, the oscillograph records were left 
running after the vehicle had completed its passage. Table· 27 
lists the. logarithmic decrement value obtained from ·these three 
~ 
runs • 
.. 
' 
.,_ 
.• --~-
-. 
·_; ·~~.,,., 
-··---- . ·---- . -----~~-
' ·. 
\ 
-------------~ 
-----------r-~·--·-- ' - - ----- - - - --
__ _::......:..-
f-
,_ 
· .. 
-'!': 
._ ... 
,.. 
49"'1., 
.-. •., .. 
----·--
------- -.,,_-_______ - - ··-··- . -- -
·-------_-- ."-"'" ... ,.,,.,.,;------·----·.: ... : .................. i:;;.. __ :, _ . __ --· -·· · ...... _. ;.-, ..... ;.c,. .• c..c .. c ..... ~----c---~"'-•-··-··•·•---"·----... ----_, ....-.. ·. -·-_-.-__ -_-_:·_-.-_·_-.. -.· .. --... --.--.------ ·------ ---···---- · - - .-.•.•• _ ..... _ ........ -·-·· --~. --·"·-·-···-· ··---~·--·.•_ .... _,.,.. ·•· -- .·· •. - ··- ri:.-, 
- -- - -
-------------- -,---~·;_-:"<-------""···-· 
-----·--------- _;__;_-'---~-~--~-~--c---
----~---~·-----:~--
=~~1=~~-•~·,ec·:·=~~=r~~~=======-·····---,.~~=-··-,--~"~~==-='=·,,=~····--·····-·•·==-·===''=''~=~=~~=~~--~,~~~---··-==·m-.. ,~==·=·,-·-··r~--=--=~=,=~..&--=:===mS~=~~~~~_~,==A=•=~~--=====:=:=-~=:==-==~--~~= ~~--==~:~:-~=c,·.•·-••= 
-- - ---------------.---- _____ ,___, .---
---~-~----·· ----- ,......_.., -~~· . --·----·~--
-----------------~--
• .• 
• < 
• . \ 
• 
• ~ i 
I ' 
- -----------
--
-- -------~ --------
~----------·-----
, -
___ . . - _- ... ------·----· .- --------. ----~-------
-- -····--. -···-------------~---~----······-»-·-·---·---~--~---------·---~-- -----·--~--~-- ,, ---.. ·: .. --~---~------.---~-~--·- · ___ :_.;.:__.___ ___________ ----------
·-·-------.-. 
6·. DISCUSSION OF RESULTS-
.., 
6.1 Static Live Load Effect 
To simulate the static live load~g condition, crawl 
runs were ,: used ~ 
6.1.1 Distribution Factors 
- .... 
-
,.,- - Ji, _. ·-
One---of the main obj-·ectives of -this---study was to eva.lual:~-
-------------- --- ----- - ----------- ---- --------------------- \ - -- -- ----- -
- -- ----------------------------- -- ----------. ------ --
' the distribution factors for 1individu~l beams.- Comparison of 
·· design and experimental distribution factors indicated that the 
p . - . -·· -. -·,-·· --·- -·· ........ ----- ----------· -·. ··-· -·-- -·. .. ....•. -··· ................... --· -··· ---· ·-··.-···- ......... -..... ·-· .... ·- -- .. -···--·· ---·--- ----- .. ,. -, ....... , ___ - ............ ·-··- ....... ·- ....... -·· --·-·· 
\ 
-<' 
.. , 
- .,.._····-·-··· .. ·----design value for interior beams is significantly greater than the· 
F 
_experimental value (Table 12 and Figure 17) , whereas, the design -
l 
value for exterior beams is somewhat less than -that of the experi-
mental value. Theref.ore, it can be concluded thqt the despign 
value for interior beams was consid·erably over--conservative. How.:..: 
----
---·---~-----·---------------- -
--
ever,_ since the exterior beams were carr_ying more moment than the 
/ design load, it s.hou-ld not_ be concludec.t that the exterior bearns 
were under-designed. The development of full composite action 
between the curb and the beams, and the· partial corriposi te action 
' 
, between the parapet and the curt>_, - increased -the flexural stiff-
. · · ·· · · ···· -· _:.::_·-·-·-- ··ne ss . of\ the exte r for be <l!l1S ~----q~i;~ ~q~; ~ti; :-th~ ···;~;i; UJTI :f i~~-~~~1-··--_.., . ., ...... -.,-.,.-....... , .. ,..~--.. -----·-----·~-
--"·-- -;I ~ 
stress produced in the exterior beams was-requced. 
' . 
---------------::-~_-::-·_-:-~:-,·.-;-·--:----·~_---..,---:--:.=-:------------··:------~,.-:·:::,-,,,::--:--cc-.,----:_----:-c-,- -"E·f-fee-t---of--·-the-- ero-s_s:~se:ctional properties ca.ti be- examined · 
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The dimensions and comparison of distribution factors for these 
three bridges are shown in Table 28. The· major difference in 
-
· terms of the outlay of the bridges was the numer of design traffic 
-
1· lanes. Drehersville Bridge was d·esigned for ·two lanes, whereas, 
f 
\: Hazleton and~ Philadelphia-· bridges were designed for three lanes. 
,I 
I 
i 
I 
:~ -· 
1· ••. 1" li' 
~ All-cross section dimensions of the Philadelphia and Hazleton 
L 
.. 
-
' 
,, 
--- - ---------
---~ ,,~--:--,--.---------·------bri_gge~ w.ere _.the s~,e, __ except fo~- a 2 foot, 2 ineh- differenc-e in-------- - --~-
- - --- ~ --------- ---
___ span _le11g~h. _____ Conse_quent_ly __ the __ exp.e .. rime.nta-1----dis-t-r--i-bu-tien~-f-aet--ers--- --'--- - -----
.. for the Philadelphia and Hazleton Bridges. are almost· identi,cal. · 
"'l, 
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However, due to the diss-imilar geometry, the Drehersville Bridge's 
, I. distribut.ion factors are substantially different from those of 
the Hazleton and Philad,elphia Bridges. The ratio of the experi-
mental distribution factor to the design distribution factor for 
the exterior beam of the Drehersville Bridge is larger tnan that 
.~~---------.. -------~----~--
' of the Philadelphia and Hazleton Bridges. This indicated the high· 
experimental to design distribution facto~ ratio for exterior 
beams· of bridges with closely spaced beams ... In the design, con-
tribution of the curb and par_apet by the full and/or pa·rtial ·co1:i1--. ""_____ 
J 
():J 
. .. posite action was not considered. However, field study conclu.ded 
·-··-·····~'·"-·--«-·--··-·-·-,..,....-~-.-· --· ~-the····erx1-s··t·errce·· ···o·r-·-sucn-'"i~nteracti"riii--~·rse"c't'i~on'-'Jij ~ i ._)1j' • Reconsidera-. 
. 
--
tion of the ~igh·experimental to design distribution factor ratio 
--·······--· , _________ :._. ______ fQ!'· ~los~ly §paced beams indicated the ·p-ronounced.---·effect:·of the-~·-·· 
- ·-·--··--- -~-·. ···---··-·-·--··' ·-·---- .. 
. ....... __ _ 
- curb and parapet to the stiffne-ss of exterior l:Jeams,. ·for these . ,. ,_ ' ' 
. 
- --- - -- - --
. -· ~---- --- ------- ---------~~ _!~-~---··-- - -- - --- -- - . - - --- -- - - _'.".--.------··--·---·--·-·-· .. -·--.. --····· ~·,.·--.. .....:..-. . --,-·-·, ;~----.. ......;.,._._-...:.·--~--.. --·-:--;--·-- .. ---- ----·------~ ----- ----- -- ~- ---------------.-----~ 
The above _co.mparisons yield that the diis:trfb:ution 
• . 
.. 
-3:5·- •.;:.: 
ti",. • ' - '" , . ..,,._ '~--.·. ~-.'~'.-,l~~·_,;_,.,,:,,l,~(;·4,_·+.· . .;,_,,;~~~:,,i~~::.~ ~:-~~~• f••;•~~----~·~:,, • •,." ,.._ ·._ ,, ., • ,,- ,. o>.><. 
• ~I • v.~-,-· 
- ---'---~---'--------:-- -~ 
- ·..;, 
( 
·-·-. ·------------- ---- -------- - .... -· -
----- ___ _:__ _________________________ ----'-- -----_ -- -___ _ 
• 
------
---~--------------,-----~ --·----------·--·---·-----·-----·-·--· ----- -
. . 
• 
factors not only .·depend on the beam spacing and cross-sectional 
properties but also on the span length of the_ beam, the number of 
- . 
traffic lanes, and the interaction of curb .arid parapet. Since the 
current design method does not reflect the influence of beam· 
spacing, it is no~ realistic enough. 
The method to determine the distribution factors pro-
( 
____ .. __ , ___ , ________ , ________ posed by __ w. _JtJ ~ Sandet;S ,-- JI". and H .. --A. Elleby17 considered the 
-· ... -... ,,. __ , _____ ·------ -··---··-·-·· -
cross -sectional _ p ro_pe rty. ,- _the ___ .he_am ___ sp.an-~-and -_tJ1e--±otal----I1umbe-r---0>-=0=-f -
design traffic lan~. It also suggested the use of the same dis-
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triQution factor for all beams, _both interior and exterior. How-
ever, the Sanders and Elleby study did not include· the effects of 
curb arid parapet section. The method suggested by Mot~rjemi10 
' 
took the roadway width, the number of design traffic lanes, the 
number of beams, beam spacing, and the span length into accou!'}t 
' I 
I 
I. 
Ii 
--·----·--··i; ---------~~--~~---
for the distribution factor of interior beaJTis. His approach_ also 
exclud:.ed ~he effect of curb and par~pets. Observations based on 
field testing of the Hazleton Bridge, as well as previously con~ 
4 7 • ducted and reported research '- conclusively.. shqw~d necessity of 
the inclusion of the composite effect of the_ cµ:rp in _ the des.ign 
,.' -- -· ]..... . ·-0· , 
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6. l. 2 Beam Deflection 
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~eflection un~er.three vehicle loading c6uld be 0.198 inches for 
the center beam and· 0 .169 inches for the exterior beam (Figure 19)_. 
6.1.3 Neutral Axes -
---· ---- -·-··------- -·----------
Figure 26 shows.typical examples of neutral axis loca-
tion for various lane loadings. The neutral axis of the beam 
tended to incline when the vehicular loading was not applied· 
directly above the berun. The inclination of the neutral axis 
· vertical location of the neutral axis with respect to the bottom 
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beam face was rfighest when the · test vehicle was. positioned di"!"' 
rectly above the beam, and progressive:l.Y lower as the test 
-\ 
vehicle followed· a pa th farther aw_ay from the beam axis. ,, 
· 6.2 Moving Load Effect 
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6.2.1 Moment Coefficients 
As shown in Tables 3,_ 4·:,_ :5:·,. and· ·e.,. t:he moment coeffi- · 
cients for each individual berun :a·n~I t9tcil ·h1:1id_ge :response ampli_-~ 
:.· . ~ .. fied with speed in an 1ncons1stE!-nt P·:~tt~·r-n. The moment coeffi.-
cients for . individual beams and: the total bridge response. reach.ed· 
·--' .. ) ----> • ..) ._J .Ji - c'.) 
the maximwn at about the ve~icular s·pe~ed of 26 mph. 
In Fig-ures 28, 29, · 30, and 31, the moment coef:fi_c:fent$ 
.. 
---- ... , .... ,,, -------··· .. .. were plott·ea- alqrig with curves" that represent the crawl :run ·-·-··' ...... . .... _ .. _____ ,_.,. ... ····-
-- -" - - - -- - --- . . II}, - - -
·- . 
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coefficient for speed . runs was sometimes larger than the value 
suggested by AASHO .. Nevertheless, this should not be interpreted 
as to tbe use of factor (1 + L !0 i2s) , which may lead to under- . 
- .. .. -- .. 
-·---·-······--·--··-· ··-····· ... 
... i ·-· --· --aesrgn. l'OI'- one vehicle loading, the moment coefficient may ex-.. 
i-
I • 
1, 
I 
\,· 
.. ,. 
" J:: 
) 
ceed the specified value. ' However, for simultaneous loading by 
two or more vehicle~_, the different _for_cing fu-nctions would have , - ' 
a balancing effect • 
. . 
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tribution coefficients. Variation in the distribution coeffi-
cients with respect to vehicular speed was marginal. The in~ 
creased vehicular speed provided more uniform -distribution .. of 
the vehicular road among th.e beruns • 
J 
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Amplification of the static.response of the individuai 
beams was not linearly related to the vehicular speed (Figures 
. 20, 21, 22) . The dynamic response of the i ndi vid.ual bearns was : 
quite similar up to 20 mph. From this speed on, their :response 
was yery. diE;simil9,r. In bearils with ,small· moment coefficient 
/ 
(Beam A in Figure 20, 21, 22) , the dyna111io load factor was 
larger than the value recomme-nde~ .... 1?.Y "t.h~ .. sp~q_f.L.f:i._Q.~.t.i._QJ1S __ ... ~-. _ Where-
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moment coefficients and the -distribution coefficients. This indi-
~ 
. 
cated that the lateral load distribution fo.r speed_ runs above, 
20 mph is more nearly uniform than·that for crawl runs~ 
. 
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The . study of_ the total brid.ge response with respect to 
b 
varyi-ng vehicular speed was made. Variation of the dynamic load 
factor for gradually inc.reasing speed obtained by diff~rent 
.., . 
i 
-- i 
! 
i 
' 
11 
approaches. Figures 23, 24, and 25 reaffirmed the_ lack of an.y '( 
-~ 
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_____ li.near '_re.lation. betwe.en--t-he -e-a·us-e--ana··-·the··-erfect •. ·.A·-·car-efui-- __ ,_____ !I 
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- ' examination· of these relations indicated existeqce of maximum 
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· · · ,---- ,.,._ -.. · · · · · dynamic load factor at 26 mph vehicle speed; and ·there was.:-.a :1 I 
.I 
v 
seco,ndarY .. peak of dynamic load at approximately 55 mph. The 
source of this phenomenon will be· explained in Sectton 6.2.4. 
I 
1 The magnitude of dynamic load factor .for tota·1 bridge 
1' 
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I 
particularly noticeable at· the :maxfmurn ~.ncl,. 'the secondary peaks •. 
D 
6.2.4 Frequencies 
The experimental ·unload·ed fre~quen·cy o:f the Hazleton 
· B·riclge was 5. 75 cycles per second. ,T:his ·,,~lue can· be compared 
... 
,,, ) . 
\) 
with the theoretical natural frequency,·· which was ba..$ed qn :tbe 
first mode of vibI1ation of a simple-supported beam of unifo·1~m 
i[ 
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··where L = span of the bridge 
E = modulus of elasticity of berun concrete 
I = ·moment of inertia of the bridge cro·ss-sectior1 
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,· 
' m = mass per unit length of the bridge 
( 
The modulus of elasticity of concrete was obtained as 
7 .12 x 10 6 psi and 4. 51 x 106 psi .. from Case I and Case II, , res-
-----"--· .:~· -----'--·--
· . 
r. 
.,, 
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---. - . - ----
.·, pee tively .... ··I n--eomputing ·· the·· moment o-f··-inertia ··o-f· ·· the b·r111ge·--r~fti-c>"·····-'-·-----·-·-c··:-···-------·--·-· ···· --
of slab to beam, modulus of elasticity was taken .as .8. In the 
. .s, ..••• ., .•• 
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into account. The .natural frequency equation yield 6; 48 cps and 
I 
· 5 .16 cps for Case I and Case II, respectiveiy. T.here was a 100/b 
difference between the experimental frequency and the theoretical 
. 
. 
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4. 51 x 10 6 p·si and if the parti.al effect of· the brid-ge parapet 
was c'onsidered for moment of inertia of the bridge, t:han the the6~ 
re ti cal value would have been closer to . the experirn~ntal value. 
These two suggeS-ted mo·difiqations have practical re_levance. It 
can safely be assumed that ·tne. modulus .of ·elasticity of the bridge 
" \ 
,,.. 
6 superstructure was higher than 4.51 x 10 -psi (Section 6..4.3). 
Also, the partial composite interaction o-f the parapet exists~ 
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s.upports. . ., Whereas, the bri.dge supports were 9 inches wide bearing 
pads, rather than, rbllers. 
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Biggs, Suer, and Lopw .. suggested the expression -- . .. ;_· 
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- for unloaded nat"ural frequency. If the __ previous values were mul-
tiplied by the factor of 1.2, it would be 7.78 cps and 6.19 cps 
,! for Case I and- Case II~ respectively. Both new values were higher 
. 
_. -----·"<- -:-. -,- ________ t_han the ex.pe:ri.IDental vc1.l.t1~§_ ! 
..... 
The over-estimation of the fre-
quency could· be found in the development of the suggested expres-
, 
. 
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sponse· of steel bridges. Thus, it can fundamentally be ·assumed 
that the reinforced concrete beam-slab· type bridge can be simu.-
-lated by a simp1e beam of uniform cross-section. 
Study of the dynamic .. responselcharacteristics of the 
; 
; 
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bridge. (Figs. 23, 24, and. 25) i.ndi.cates the presence pf maximums 
in the dynamic 1oad factor versus t.he speed relatiorts. At th~ 
speed of about 26 mph and 55 mph the bridge was. s.ubjecte:a to 
higher dynamic 1oads as compared to other speeds. ·The cause of 
.. . " 
~- -
these can be explained. if the natural and the load-ed: freq·uencies 
are studied. The vehicle of constant we_i~ht. ·a13d _ .. va_r,i.abl_e sp_e:,.e.d __ 
can be considered as a harm·oni.c forcing func:tiqn. The· variation · 
-
. . . - .,,,- .:·· 
in the ·speed of· t}:le vehicle .can be interpreted as the variation: 
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quasi-critical speeds of the ··vehi"t:~le; · ·the-····na·rtir~l -frequency of 
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the bridge will be close to the f.oreing _frequency (Fig. 27) • 
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This, then, results iri a large displacement. 
11 Linger and Hulsbos reported a different approach. The 
axle load of the vehicle was simulated by a moving cyclial force 
with variable forcing frequency. The resonance was predicted when 
the forcing frequency became equal to the natural frequency of the 
bridge. ·However,· the numerical treatment of the loaded frequency 
' 
·could not be found · in this study. According to Linger and 
· 11 
• 
··-- · · , · · ·· · · --·--ttul·sb·os,·-----t-he~-loa-d-ed freqt.ien-ey-... was _very __ close_ to __ 1::_he natural fre-
\ . ' -- .... ·- . . - ..... '' .. '. ' - ' . .. -- ----· ··- --·-
quency. According to this report, :t;he test vehicle. would have 
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forcing frequency ·of v/13. 0 and v/20. 4 based o·n tract~r wheel base, 
respectively; wher~ vis the vehicular speed (feet per second). 
6. 2. 5 ~mping Eff e·ct 
~ 
The logarithmic decrements are different· .for different 
---·--n---• ---··--·---
be ams ,' -;~d---t-h~-y--~r:~. depend e nt--oii-: the laiie _o_f---Toading---C±·aole·--~z7J-~---- ---~~ 
. . 18 
This is in accord with the obs:_e.rvations reported by Varney. The 
logarithmic ·aecr·ements for the Hazleton Bridge ranged from 0.1028 
to ·O .1213 and were somewhat larger than previously. reported 
-~-------,-..-.~--
11 18 
values. ' -It can be stated that the damping characte.ristics o.f 
the bridge. lie somewhere between those given for flexible and for· 
,, 
stiff composite steel bridges with spans of about the same lengt:h; 
• - . . . . . . .. 19 · · 
~s described by Kinnier and-MeK-eel-.·-------·---.. --------.. ·--·-·-.~- -·--·.~---·----. -.--· . .- ·_ ----- ·. ,--'---~·-· ·-
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6.2.6 Neutral Axes 
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The location of neutral axes of each-individual beam 
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did not change sig·nif icantly with respect to various speeds 
.. . \, . 
' 
-~-4_2· ..... 1'l: .... 
/. 
:"I): 
.... -,;..f,;,. •.,#-\ .... ,.;_·., 
' ,,. 
• 
It 
• 
----·-------·-------------- ------·--~-~--- ·-----;---........ ...,.._,__,.-__ -:----. - ·---~-----'' ------~~----"---"-c""------·-·--·----··----·--- ---------··---------;-'---:-------~---- ------·---·--------~---------.--~----- .. · ---·· - ~ -----. 't..-------~--·---·-··-----·----------------------·----------·T" ---•"'"'" ··-----... -'----·------- ----
.. . . ·- ~-- . .__ 
(Tables 20, 21) .. - Thi·s indicated that- neutral axes are _r_elativelY---------
insensitive to the variation of vehicular speed._ 
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,. 
6.3 _ Impact Loading Effect 
- __ ; 
6.3.1 Distribution C6effici~rtts 
ii 
Comparisons between the distribution coefficients for 
impact runs and crawl ruris were made (Figs. 32 through 35). 
. \ 
11 
I Since, there were minor differences between the distributi_Qf1 ________________________ +---------- -- - ------- -·---~~-·-------------·------· .. ·-·--·····------ ·--------- ---- --- ----- ------····-·-·---------·-------·--------- - --··-· .. --------·------·--·------··--·-·- . ~-·----------~------·---------------- ·------ . ---·---~-------·-·--··------·---·-·-----·····--·-·---·------------ ----- --- ) I 
coefficients obtained i~, Case I and Case II; only Case II co-
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· · - efficients were considered. Comparisons · showed that distribution : 
) 
coefficient changes, for impact runs,, were heavily dependent upon 
which lane. was loaded. There were signifj~cant differences between 
crawl and impact r~n distribut1on coe.fficients when the vehicle 
was above or n~~r the exteri:or. be run (Figs. 3 2, 33) • Whereas, for· 
~ 
-----~----·- ---- -- --~-·----------- - ------ -~--------- ----- --------------.. - ------~- --- - -- ----
-·-------------·---· --• ·~-------- - ---------------- ------------·--------------~- II 
the runs above or .near- the center beam, tb.e variatio.n .in the crawl_ 
and impact ?--distribution coefficients. 'Vias. mc1rg:i:~a..l. Furthermore, 
· the lateral distribution of the impact I.oad·s: was· cons:{.stently 
smoother when compared. to the statia _d·i~t.ribution. 
- 6. 3. 2 Moment -c·oefficients and .. Iqipaot Factors 
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Since the morrte.nt coefficien.ts .obtained in Case I and 
t 
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through 39) . The-- rriome-nt coeffici.ents of individual beams, for -
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The· impact factors for indiv~dual beams range from 1. 5 to 5 ~ O' "or 
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more (Table 16). The impact factors for the total bridge be-
havior, regardless of the position of the.vehicle, were 2.00, 
· 2. 35, and 2 .1;;, based on the mement coeffi-cients of Case I, the -~----
·-
-
moment coefficients of Case II, and deflections~ respectively . 
Thus, under impact loading, the crawl run response of the bridge 
was amplified by the factor of two. 
"·".' 
. 6.3.3 Neutral Axes 
. ... . . ·- . . . . . - .. --- ·, - . . . . . . . . . . . . - ' - ' - . - -- ·-· -- ·---·--· - ---------.. --- I 
r 
The location of the neutral axes of .each beam for 
·-··· ·----·--·--------·--------------------··-,·: ,~---·. ·. - :·.. ··.·--- -·. - •. ------------------------·--··-··--·-------- ---- ·-·-··--···-··-··-
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various lanes of impact runs (Table 19) were- relatively lower than 
that for crawl runs. Consequently, the total effective slab 
widths for impact runs were less than that of crawl runs in 
Case I {Table 22) . 
' _.  
.. --·--·----- ---..........:-.----~6. lt Ena~estriiirit Effect · 
' 
In this study,. tw-o~· methods were utiliz.e-d · tq .compute 
moment coefficients; the fi.rst method (Cas·e I) did not include the 
longitudinal restrai~.t""' whe:rea$ the second method (Ca·se II) did. 
,, 
The effects of inclusion of the end·restraint are presented.in 
. I 
I 
I 
'··· ...... ! 
Sections 6.4.1 through-6.4.5. 
.·,. 
• 
6. lf. .1 Distribution Coeffici·en,ts: - • 
---------4.--------------- ---- - -·--- -- -
... Inqlusion .. of. the ... end: .. i,e,s.t~~ain.ts .. -h.ad ·pra.ctically no . - . 
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_ . effect on the distribution coefficients. This indicates that the 
two met-hods would·_ yield almost the s.ame results for the: . ··_ .·. . . . '; 
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• · -· experimental· di~tribution coefficients and the experimental a·is.;. · 
tribution factors. 
6. 4. 2 Moment Coefficients 
.\.:.-· 
In Case ·1, as explained in S~ction 4.1.6, the exte.rnal 
moment du1e to the vehicle was assumed to· be equal to the internal 
bending moment: of the bridge superstructu·re. I.n Case II, as 
·explained in_ Section 4.2. 2,, the external. moment due to the 
. 
. 
... . : .. ~. . 
__ v_e hi c le _____ was ____ as surned ____ tg ___ b e ___ eg:_ua_l ____ t_o _____ tb_e ____ s_uµi ____ of _the ___ in±.e .. r.nal_ ... b-ending,. ----·------· · .. __ ----- ------·-···------
moment and the moment due ·to the longitudinal restraint force. 
.... 
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Consequently, the moment coefficient obtained from Case II would 
L 
be large~ than thij.t· from Case I .· The degree o_f ,diff ere nee between 
the two moment coefficients depends on-the .magnitude of the end 
-
restra\nt force. 
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The expe:riment_~l ·elastic modulus of ccfnc.r-e·te ·of ·the 
superstructure was ~b·tained from the relations established betw~e-n 
the external mome.nt a·na the total moment coefficients. Since 
there were two m.ome·nt:·· co.efficients,. C·ase I and Case_ II, two values 
6 
of elastic mod_ul_i YJere_ 0P:-t:·~f11:e¢1, ~ ... e., 7 .12 x 10 p~i for Case I , 
s ao 
4.51 ~ 10 psi·-for Case II. According to ACI Code. and PCI 
Code, a1.. the modulus of elas,tici ty for concrete is t~ken as 
................... """·"··-............. , ......... ,...... . . ··1. 5 ................. ,, ................ :, ... '"· ···"" ......... "-··· .... , .. : ............... · · .... ·. . .· '" . . "· .· .. ": ___ ._.·._ ., .... ,., ........ , ....... •· ............ -,., .· ...... ., .......... , .. •..---~- •• i_ •••• ·--· ··~.·-,__•,·, ••• 
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·w is the weight of cc5hcrete in pounds per ft., and -f~_ is. the -com-_ 
, .. i ) 
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~s.:.aays cyclinder strength of the berun concrete was· 5500 psi. ·· If 
f' should have reached 6000 psi at the time of the field testing C .. 
of the bridge, then E would be 4.qs x 108 psi and 4.8 x 106 psi~ C 
in accordance with ACI and~CI Codes, respectively. 
i.. 
If f' should 
C 
6 have reached 7000 psi, then E would be 4 •. 8 x 10 psi and C 
5. 3 x 106 ; psi. Regardless of the choice of code, ACI or PCI, and 
of the concrete strength, 6000 psi or 7000 psi, the predicted 
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In the analysis of the dynamic behavior· of the bridge, 
. \ ¢" 
inclusi6n or exclusion of the end restraint effect would still 
result in similar response predi~tions (Figs. 20 through 25). 
Nevertheless, the magnitude~ of thes~ response ...2._~egiction~J_Il_ay__..---,---. 
------------- ~--------- ·-
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.differ~ Thus, two methods could obta,i-n the same adequate· re~ults 
· for the analysis of dynamic effects. - A careful examination of 
the resu~ts by different approaches {Figs .• 20. through 25) shows 
that the dynamic load fact-o.rs and impact factors obtained -from 
Case I were closer to the value obtained: ·from deflection than 
that of Case II. 
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6.4.5 Effective Slab Widths 
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·········-··········-~-- ----~·- were ··1ess thari 400 inches, while the total effectiva. slab width " 
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actual total slab width ··was. 546 inches. _ Consequently, the momen_t~ , 
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coefficients obtained from Case II were re·lati. ve ly la.rge·r· ·thari __________________ ,, 
• 
i 
those obtained from Case I. 
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7. SUMMARY AND CONCLUSIONS 
•:·: 
7 .1 Summary 
The·major objectives of this study were to provide addi-
1 tional information on lateral load distribution for spread box-
~-~, 
...... -' 
. 
. beam slab type bridges under static vehicle loading, and to experi-
, 
mentally investiga,t,e the dynamic effects of moving vehicle loading 
- ---··-· 
--- . -
··--------·-·-cc-~--c-~-~==·-'··-"-a·nd· 'VeH:f:e-}~e:~~:tmpae-t :.: li7afriflg .--·~-~tne· report·· presents··· -par·t···· o·f ·the --- ----------···-·····-------·-------~-~---------: . .. -
results, based the data obtained • the field test of the on J.n • 
Hazleton Bridge. 
The test! bridge· cons:isted of five identical precast pre-
stressed concrete box-beams ·wltli a compos·ite cast-in-place rein-
. 
. forced concrete slab, and: re-inforced concrete curbs and parapets. 
. ',"'~, 
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:;ii 
.,1'. 
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\i 
------ .... __ --------·-·-~.----~· .. ~--- ... B-e am .. s.tr.ain _g.ag.es_ ____ and. de :rl.eetion_mate.rs ___ we.r.e--ap.p-li .. ed-· a±--tha~~c-=t.i-on-------'-- ----------
. ·: 
where maximum moment·s ·occ-ur. A truck simulating AASHO BS 20-44 ·. 
loading was used as the test vehicle. Seven test lanes· were 
located oh the roadway such that the- ceiiter-line: of· the test 
-·-· vehicle would coincide wi t.h the beam center-line· or the center-
- ----·--~----··--·--····--·----·----·---------------~-' --·~-------· -- .~· ... ·- I 
line of the beam spacing. 22 crawl, 73 speed, and 11 impact runs 
~ . " . by the test vehicle were conducted to generate the ~xperimental 
data. In the speed runs, the speed of the ve~icle varied from 
•.• --···· ... ..;.~oo-
______ _.., •. ~~-mph_ .. t~Q c.§.Q::mp.h.~~-~fnd=.;.i11:J.mpact .... r-uns--•the---t:e:st vehiele·'·s- spee·a··was - ..... -":··--·----· .. , ... 
,-~ . ,_; ··-~- -- ~ - - -~-- -- - -
maintained at 10 mph~ 
--- ---~ - - ----.-- ------~~~---· 
~---------~~------ - ------~ 
Strains and deflections were reduced from the oscillo-
··- - ·"'···--·--. --- . ·····- ----- - -,~- - ·-
- ··-- - . ··-····---··· ,.. ____ ,_,__ __ ---- ---"· ·- •,•' - --- ..... ,.·~-- ---~..:..___.,..·._-------------···-
. - • graph traces. Loaded· .fE~_guencies and unloaded natural frequency· 
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of the bridge we3?e --directly measured from the oscillograph traces • 
.. From· the -strains, the linear strain distribution and the. 
' location of the neutral axes, were obtained. The momen·t coeffi-
cients, experime~tal live load moments, dist·ribution coefficient's 
and effective slab -widths \'Jere determined by using two 'different 
. methods, one excluded · the en(] rest,raints, and the q'tl1er considered 
the end. restraints .• · The experirnerttal distribution fa.ct:ors were 
·' 
.'- -· - i' 
computed from the distribution coefficief)t ·influeJ1._gg_ l_in~$_!_~------~-------'--..--·-·· ___ . _________ _ •-------·--·-···-···-·-······-······- .. ·····,::"·-··" --------------- --- --··-----·-- ~-------·-- ... , ........ _ .. ________ '-------···--·--· --~--·----~-----·--·---- .. ---
. . - ' ' ' 
·-·-·- -----·--·--·-·~ - .. -··-··.-·.,....---. -_ ..... _,_-,- .... -.... -· .. -·----
. -Experimentally --Obtained distribution faQtors were compared with 
:_.• 
the design distribution factors and with ·the: reported values for 
the Drehersville and Philadelph~a B_ridg·es. ·rhe dynamic load 
factors for ~eed ruhs and the impact fact6ps :f"or impact runs were 
determined by two. a·i.ffeJ'ent. metho.ds. -. They· we·re· taken as the ratio 
between the moment .coeff:Lc.-iet1ts· 'Or- deflections of dynamic loading 
.... ,-."-·~ ····--- -···--- .. -·-"'"" - ~---·---------. . 
-~-------------~------·---------~ -
··- -··-··-----------~----•-•W•-·~-•~•·,-- •--• ••--·- --------M-•---w-••---·--·--•. ------,- ... ~---------- --.·------ ··'··,· ~-----
j 
,, ··.· 
• .. · ••. ~-~..,,.--,.:.,...._.,..,_,,._ .. ~,.--c---'•' .. - ·'·"·• , 
---------
-------- -- . ,- . = -
---- - - . - -- ------ -···-··-- ~ .- .. 
, ·(speed run and impact: run) and the moment co.efficient.s or deflec-
tions of· static loading (crawl ru-n) • The ·1o·a.de·d: _frequep.cies of \ : 
-~ bridge vibration under various v.e,hicle· ·sP,e~ds_: w_ere uti.li-zed to, 
find the vehicle speeds which· may c-:ause· rn_axirnum .dynamic respo.n·se .. 
. a'he .experi~en-tal _ unloaded natli·r·a1 f:1;1·equenQy ·was compared with, the;-
a; ' theoretibal· value. Fiinal cotnp-arison -of- ·the two methods, which 
' 
. .. . t .. 
were utilized to _obtain inome-nt· c,oe.f.fi'cie:nts.,._ w·a,s- made. · 
- --- ~~ ----~-~~--,---~~-----'----,----:-----........--c---
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1. The distribution factcrs currently used by the 
,I ' 
' Pennsylvania Deparbnent of Highways Bridge Division 
Standards do not sufficiently reflect the actual 
lateral load distribution in the bridge. For inter-
ior beams, the experimental distribution Tactor was 
,, 
less than the design value, while the experimental 
value for the exterior beam was larger than the 
··--··· 
design value. 
\· 
' 
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2.. In computing the cross-sectional properties of the 
bridges, full composite interaction by the curb and 
partial composite interaction by the parapet should 
be included. 
L 3. The lateral load distrib.uf:ions· for speed. runs were 
.. . ... --·.·--··- --·· ----- m.o.ve ..... neaFly----t:1-ni:f'erm·---~h-at1--,_-e-f~~--eraw-l---~rt1ns-·~----·-The----·-laterai: .;- ·-··-·-·· .. --~_ .. __ ......... ·_ --· 
. ..j-' 
· ...... -.·:· 
load distribut·ion ft,.r impact runs were significant.:J.y 
.' 
more uniform than that of crawl runs • 
lj.. The dynamic load factors for total brid·ge behavior 
and for individual _-beam behavior were not linearly 
' 
.~ ... 
related to the :sp·eed of f]1:~1 ve:h.:icl:e .• · · 
. . ..... 5 .. ·In the Hazl~ton Bridge, the .peak· ·d:ynarnic response of · 
the· brid-ge occur.red at ii' vehicle speed:. of. 26 mph with 
------~--~~~---·~_ .~ . -=-_-_._.___. _--:·_-.-- - ·- ·--·--·-- ·-
a. dynamic load factor of 1. 25 or more. There was a · 
secondary peak corresponcli.ng: .. t.o a ~peed ·of approxi- · 
.. -::--, 
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6 •. The experimental ~nloaded natural freq.uency o·f the. _ 
' . 
· bridge has a good correlation with the theoreti~a1· 
value, which .was based on the first mode of vibration 
of a simple-supported be~ of uni.form cross-section. 
'c 7. The max;imum dynamic amplificati:on of the bridge re-
sponse was obtained when the :observed loaded fre-
: J, 
quency of force vibrat~on_ ·was approximately equal to 
the nat~ral unloaded ·frequency of the __ pr_:tc:l_ge._ _ .. 
.. ... -- .. •···· -• ·-··- .. . --·- - ----- " -·- - - -···. -
., J• . -8. The magnitude of ~ynamic amplification :"o:f _bridge 
response under impact loading (10 mph of speed and· 
2 inches drop) is twice as large as that ·under crawl 
' 
run loading (2.5 mph) . \ 
-9. · Both methods used. in this study to obitain·,·morne.n.t 
\ 
-- - ---
- ---
-: 
:, 
,( 
• • • .c.:._· _ _,..:;:.:. .. ~----------
·~--------~~-~~---- .. ----c-oeffic-i-ents could b--e utilizea to a-n·alyze t·he _·st·r.uc-.. 
.. •--.:--_._ 
tural respo·ns·e of prestressed concre:-te box·;..;.b-ea.m 
bridges. T.he first meth.o·a ... :ne_gle-cted t-h~. I'est.pa:tnt~ 
. . . 
-- - - --· --
effect of -fb-~ encl ,support·s_, and y.i.e:ld.ed t:h~ .r~·su.lt-~ •· 
ant moment actua1·1~ pfodj:iced: :o·n ·the. :b-r.ic:lge cross·-. 
section. ·whereas, t.he ·seco.ng -met·ho·a took ·the 
restrai~t- effect into .qon~$Q~-:r9,t_i.or1, ;an.d. :enaJrled: the 
calculation of the ITIO.rn~n-t prod·u·ced b_y thE! v.elric.ie. 
· · · ,---··:1-oaa:rng-o-n---1y...,,. ____.,,.....~_ · ..,,...... __ . ~~_·· _·--_··:·--_. ··· _···~==-=---·--"-_-.. ··-·==·--.. ·-· ·:_ .. _-_· ···· ·· ···· ...... · · -----c· · ·······.· .. 
'fl?' 
• 
.,,,_ . .,,.. 
. • .... ,. .. -..... , ....... '•· .............. ' 
. .. 
\, e•._ •<•-"""•' " ,a, ~•-•••--•-••• -----~-•,~•-"--~-. •-----·-•--······- -
• , ." .. ..:·,c,,-=, =cc·· - .; -=• · . .;c.--c,;c,---,-.""'a~·.>-"-
0
-·-=a,,o--~•.'->-·- O •--• •• -, • .....:...·c...e.. •.·.-..c~....'-•. __ ,a c.·.-=-~=~.c • "'· ,,.....-,·•.•-;"•,.-~---"> ·- -·' '·;;··,7 ".':· ~,.,;,;;;.,,,,..,, '-"•""""·"'"·.c,'ce-~,::'"'".--.-'"'a=-;-..,.f_-=<--~"<-cc.·.:~-,-,-,;-,-=. "•• -.. · ,-:,~ -~•-· ," -• ' ' . - · 
.•. 
·--51·--... '-·. : .. 
.  
.. 
-
-~--~~----~ ----·-u, . --------------------~----
-----------------·------- - --------·---------- -~-----
.. 
-----·---·· .. __ , __ ..;.-· -.. -.. .,--~---;; '. 
- ---~ . ·--- .... ~ --~ -- ---- - - . . -
-~ 
. ' f •• 
,r--1 
•t•I 
.. 
. . - -·, - -- - -~- - . -···· - ~-· .• ..:..!.; 
: :.-
•;:; . . -
----.- - . __ ·, ___ .. - -·~---;;.·-----·---·--------- ~---··_:___ --·-·-- .,) ~~- -:---.. -. -. ----.... --- ... - - -·--- -- . -----"!.,., . - ·-----
i• 
,~'~-- .: 
.. 
8. ACKNOWLEDGMENTS 
.. 
.. This study presents partial ~esults of Projec~315A, 
enti tle.d "Structural Response· of Prestressed Concrete· ·Box-Beam 
Bridgesn, conducted in the -Department of Civil ·Engineering at Fritz 
Engineering Laboratory, Lehigh Upiversity, Bethlehem, Pennsylvania. 
Dr. David A. VanHorn is Chairman of the Department and ·nr ~ Lynn S. 
• 
' ... :-\ 
-···------
," 
. J 
'. ~! 
., 
;:/ 
;•'· 
B·e e d· l·e· ·is··~ni-rectcrr· of--~fie ___ Laboratory •·· This project is ·.sponsorecf. -- ·-- -- ----·-·------------------,...--------·--
by the Pennsyl~ania Department of Transportation, the U-. S. };3ureau 
of Public ~oads, and the Reinforced ·concrete Research Council. 
The field test equipment w-~s made ava:L_l·ab_le -through the· 
cooperation_of Mr. C. F. Scheffey, ·Cl!ie:t·,, St-ruc-:tures and Applied· 
' .. 
• 
Mechanics Division, Office of ;R~,s,~arch _and Development, Bureau of 
tation and :operation of test ~·quiprnent were accomplis.hed by M·essrs • 
.. 
R. F. Varne.y anq H. Laatz -of t:be Bureau .of Publi:c Rpads. The basic 
___ ""',-~----- -- --,· ·- __ , ___ ... -.-·-· '. 
planning-- in 1::his investi'gatiot1 was in. coop·e:rati.:on wi_t·h Mr. i<. :H -~ 
. . Jensen, formerly-·Bri.:dge_ :E-ngin·eer, and M.r. Jf •. ·p .. Koretzky, Engineer 
. in Charge of. Pres tressed Concrete ~truc·tures·, both of_ the B.ri_dge 
-· ' 
·.• . 
-~ ·-· - _; __ _ 
T 
---------- --·-·--·--------· - ..•• -··_,- .-- .. - ••··. 
- - -
·····Engineering Division, P-enrrsyTvanTa--"Tiepattment of Transportation.-
-
. ' 
Dr. David A. VanHorn s LiperV·i·sed_ the. work of tbi:S' .. _thes:fs,. -_ ·-·. 
-··- -
- •. • 
• l"1 
- ··- ·-· --·· --------.--· 
____ ._. ·- =---· - . 
-The writer ov1e~ tiim a spe_~_ial __ debt of grati t_ud-e .. for his -ad-v;Loe, .. --- - -- - -
······--· ·---··-· .~ ., ........ - ····-- ·. ·- . - ,,··- ..... ~·~--- ... ···-· -- . 
--------~---------·-cri-tica.l review, .· ancl-:-encouragement . 
. .
p..~r.: .. 
~ .. · · --The wri ter ___ ~i_sb_g§. ______ t._Q ___ J~xpr.e .. ss ___ bi.s _____ de.ep ... appr-e"cia-ti.o,n=~fo-F-···········--···---------'-·--, ···· ··-. . ------ -··· -·- . ' .. ,, ' '' 
-
. . 
:~:.:.:..:~·:-_·.-~-······ - -·- . 
the advice ·and help of Dr. Celal N. Kostem, and thanks to Messrs • 
.1,•• -·~!' 
••.I . 
.' · .. 
I .. 
' .. n:..:.--• .:..· .. 
-~~----··-- .. "T- .. - ' .... _ ·. :""·· 
.... 
---~-----·------------------··----- . ____________________________________ ..._ 
--- -------,---
-~---
.... , ····-·· -- - -~-
.. 
-·-··--··-··---··: .. ·--···-· .---------~-----' .· ---- '" ..... ~ .. ------ -,~ .. -·· ;; ·,. -----~ -· .... ~----· -- -~--~··-·----- ···-- ... ··--------. -.~ . . --~-. --·---- ,• '··_: .. ~ ~:--,-~-~-·---. ---:.-- ;: ; .·----_____ ;__:_.~~-------. -- . ·--····--. 
-' 
.,· 
1: 
'1 
t. 
I 
.- .. 
_, 
t 
:t 
I 
L .......... . 
~--" 
,: 
.Felix Barda and ·chiou-horng Chen for their assistance . 
.._.-, -
Mrs. Ruth Grimes typed the manuscript·with patience and 
_willingness, and Mrs. Sharon Balogh prepared the drawings. Their 
cooperation • 1S appreciated. 
·-·· 
i-
... 
-~- - • ~--·- ?," 
-••••-- o, .- .'--•·--·-. -.- •-~•·- :--• .. ,_ . A .. • ·-:,• • -·.,·--·--" • - ·, •• • :.:.. . ! ___ -...• :....:....: _ ____;._;.._ •'- ,.,.-- -~, ----·---- - -••-• ' -~--•. ·".• .. • • - . ' . ' ,--~ C -------
' ' 
-· 
., 
•-: 
1. 1. 
-·~· 
---· '"-· ..... -· ·- ---- -· _,, .. -- -~ - --
. - ---- --- . ----- ·--···-·-· .... --··-·· ~· - -.. ~·-·-·"-.. ·-····· .. ··--.. --. ···-- ..•. :.._., __ :1 --· ___ .. - . -' - . ---·- \. ·~-··· -. ',_. .. 
• •. 
. I 
! 
:--··· ; .. ,. -- .·-···-·~- -. . . ····----·- .. - .-- - .... _ .. _ .--~--·- .... ·.---·--· 
.;°'•;:-••c"•-C-! ,•- •-,,,- -c••• ----•••e:· •••=•••", •-•••.,•• -·--·------ , 0 - .. ·- . • O ' ·.-.~-. ----. • "•• .•. : • 0 • • • ·, -- • • • .-.' • '. -.·. "•P• .'-j"y•': > •-. •- ._ O •: ••••,~••• - O •• ____ O - O · .. _,. __ • ·-----·-'" .• _,., --••••: •• .·-· u-• • •-N""'-"•·-··--·-··--:--."""-:-C--~ -------••M"·-----·-••w---:-
·-•. 
------~ .. - . - -----
-·· ··-----·.··- ... -_ ..... -,:. ·-· 
._:., 
·- -·-;:,~ 
. ,..,_ ,. --=~-~ .. 
. ·---· - -·- :··- ~·~· ------: - - . _.,.....,....- - .. --:- - ~---.-- ·-·-·- -----··- --~ 
-------------------- ··-~- .. ~--,-- .. - -·-- . 
- - .... , .. 
't 
,;.:•, 
.... ·-' 
.. 
__ _) 
------ .. - I 
• 
:"'" ·~ 
--, -- -·-·~··-·----~- .-----~:_ .. _______ .. __ -
·-.-·-- ~---- ····-----·-··-·-·-- ·----... --------
-·--~-,-.-- -~-------·--·---·· - .. --"'--------~----·-·-·-·-··---·- ,.', 
. ' 
'i 
...... ,_::- .. 
-~--
, 
.: ... -~ 
) :i; ·/" 
-i: 
. 
I: 
I 
i 
·I 
i. 
,: 
_,_ - ' ' 
' 
-·--··---,--... ·.; ___ ,, .. : .. ·.--.--~-- --.-.·--; -· -··-. -··-·- .. 
---·-·--·--·· ·---- - ... ----·--··----··-~·-·--.·y ·-·----· _____ ., __ ·--·-~-----------.----------------~--.-.. ·--~--· 
. ----.. .-_ ·_-,"'' 
,---.·------~....,_- --·- ··-·---~.:...:.. 
·•;- . - . . .--- .. · ... -·. - __________ ,. ___ ····-- . -·- ;~ 
I 
_.__ 
II 
fl 
~ 
, . 
.. 
f,_ __ 1:, 
.. - ~- 9. TAB.LES :-·-·-·· -···-· --- --. '------:::.---···------·-·· 
-------------------,--,---,------~---,---~------~--.. ---
--------
. .:~. --~--""-:-~~~----------
:I.' \.:. 
' 
,• 
.r, 
. ····--·--"··~----~ .. - -· •«·-···---~--·· ---·-·-· -·-· -~--- ··---- -----·-· -· ---.. -·····-----·-'--"- -· -- - ..... -- -·----
--·--:-·-· 
'. 
••••••-••• •• ·-U·--~-- -·- - •: •• ••· •. .....:.~ ... • .•• • •-•' •-• - ' 0 --..,...,....-_. - .:- . - .. - ___ . -··- ··._ . ·-·------
--- . .--· •• _·· •• -.· •• -:_·c... _____ -- -- .. .- •• ---- _- - ----.:--· · ______ ...,, _______ .• - _ ......... · --- - - --_ _,,_. -··-·:: ":'' ... ·i·,·-:-·-- ·-··_--,_ -~ ·_ -··;·.-~:7; ..... _- ;-
'-=====--------------
, 
........ '·' 
__ ;.,. 
.-.. -"!". 
. .... 
-·-·-·--·· 
.. 
·--·· 
_-,_ ---~- ----·. --·--· ..... ,._....... ., - ---- -~----~·-----·~ 
.. 
------ -----~ -
--------------·~·-~-~~ 
·----··-- ----------"~---~~-
····-··-·-·---·-------------------~-- . -·--·· , -·"----·-.-----··-··-----·------------- ·-;-· --~-----·-··--·--·-···-·---·----------· .- '-----···--·----·-----------·-- ·-··. -···· ---··--·---------··-
···----:·---·.·;··--::·.-:-~--->:-.. ·-----.----... ----.-_- - . . . . -- •' . . . . . . 
___ ._ ._ -------- -~--~~- ~..-- ----,--- -··.----'-- ·------.-... - ..... ·- __ .. _ ,------- - -. -.·.----··.·. --.- .. -
.' .. -·- .• -, ....... - ... --;:::":•-._-,--.,.---: __ .. __ ._ •• ______ ·!:\-_.--- •. : ,'"~-----··----------·--
·-·-·---- . ,_: ·- -
-·-·s~.....=:.. -·-·- '••. -•. •··- -· 
·-·-·-·~----~ ·- ---.----
• 
]~ 
····-··7•1, 
-·- .......... ,.~-,...;,~~~;.i~·~·: ·.,_·_·-~1 ....... '·-;.:,,-. ' 
I 
",:'"7'"":..,.:,_:~:-·,,····-.:'."",,.;·,:::._,.c,;;,>.~:. · .• ;.-•. .,:. ... ~.-.'."'· · ...• ,· : . . , . :. .. · •• .:;....>c, .,. .• c. .,. ""' "'· • ·• .. .:. ...... ::.; ..... -·· ··~--·-' . ,:, . ,;,·:,.;· ' ........... --,-·,'- ·-., ................. ,. .. - --, ........ "' -· •: ....... .... . ..... . -··----- : .. _____ .._ .. _ .. ' -·-· ,-·· ..... --·- • --: >. ,,.. ....... , ·- __ , .. __ ,- ~-.~,.--. -. ·- -· 
- ' 
. I 
... 
-···- --.. ···-······--- -··· ... -.. ······- ··- .... ' . -~ ·-,···-··-·· -~~----~ -·------~- ........ ~····-··--····-·· .. .:!:-'· - ----- - -- ~------- - -- --·-··-----,--.· .. , _____ .. ______ 4,------··------:...--· ---- ~ :.': 
.. ~-·--~ 
- ---·--- ----· . ~--- --.---·---~-----'--. --.. - ... : .... ..,_ . ._..:..., _ _..., . .,:....,...,. .. _.-----........... ~--.. --·~--· -~···-- ..... ·--- ' . 
,--;_.~~: 
- --- -----~- - -- - - ---·- ~ . ----~-- .'.)',.'·' _______ , _____ __,,., _____ ,..._... ________ ~------c-----····-----------· .. ---- . 7~ •.. -. -- ------------~------- - - ---- ------------- ··- --- -,-__::..-- --- - - ----~ --- -----------~
Nominal 
Speed 
(mph) 
TABLE 1 ,LIST OF TEST RUNS 
Test-Lane Each 
Lane 
Number 
Total 
2.5 1 through 7 3 22· 
5.0 3,4_;5 . 1 3 
]. 
12.5 3,4,5 _l 
7.5 3,4,5 1 -3 
------- --------- ----·¥··--··-------- - -----.... _ ----------·-·--··-·-,--·-------·------·--·---- -- -1-0-.-0- ---- --- ----- ......... -·---·--------.-----,·,--.----·---------- ..... -3--, 4 , ·5 ---- --· ----------· .-- ... - .. -.-.·. ----- -·.----------------1 . ---- 3 
15.0 3,4,5 1 
17.5 3,4,5 1· 
20. 0 3, 4, 5 ''-' 1 
22.5 3,4,5 1 
25.0 3,4,5 1 
27.5 ~,4,5 1 
30. 0 _ .......... ·--- -,-·-c·· ,... . ,------ - - - 3, 4, 5 ----- · , ""'- -· - · -- ·· l 
32.5 3,4,5 1 
35.0 3,4,5 1 
.. .. .. _ ... ___ ··•'"-.-"' .. -.·-. -··. ···---···· 
;.• 
... - . , .. -. - - .. '"":· -·· -- ...... , . 
3 
3 
3 
3 
3 
3 
3 
..... ---3 .. 
3 
3 37.5 3,4,5 1 
~----~~:-:-----24~0.....!..._~o---~~-,-----3-~..tt,-S- ·---:--_:_:__~_,,-:,-:--,,_ .. ~ .. --1---~·::.:__· ~~--'3---------
42. 5 3,4,5 1 3· 
., .. 3 
----------······------------ ·------------- - - - -
-- . -
-- -- --- - -- ~ - -- - -
·A_' 
. , ... -.- .. 
..... ;. 
.. 
. .. ' .... '"--· - - - - .. -
45.0 3,4,5 1 3 
47.5 ~ 3,4,5 1 3 
so-~o 3,4,5 1 2 4 
5 2 • 5 . . ... · .... · .. . . . . . . 3 , lJ. , 5 . _ c: ... ··- . .. ··-· ··- . 1 ., c cc-·~·~-· ... , c, . .. 3.· ....... , c,,·~·•~~~•= ss.o~ ~·~ '.-~-~-·-__:-_-. ···_- --- ... - ·· 3 4 s ---- -· 1 . 3 -
' ' . 57.5 . 3,4,5 '·l 3 
60~0 3,4,5 , 1 . 3 
10 .03 
10.a4 
--·· . 
1 through 7 
1,2,3,4 
.. 
' .. - .. ~·- . . .. 
4 runs in Lane 3 
~: 
:, 
' >,/ 
1 
l· 
:-;---. . . ..... , ........ - . 
7 
'1 . 
·~---~···---~·-·-.-... ... 
- -- . -- --------·----·------·--· ... · ----·-~·---~-- __ _ ________ ~.. _ __ _ ____ .. _____ 2. . r:l!lll s __ i n _ Lane .... Jt ____________________________ ' --. --·-·- ---- ... -----:-- .. -···- --. ----- ----- ------··-------..... ---------- ------------_------ -- -··-------·- -----~-·----------· _ --- · -~----------·-- --- -- --- ~-
=----- - - - ·--- ,- -
3 Impact runs at Section M -·. ·- . . _ . . .. --··--·-- ··- ··-"· . . . 
--•-•-- -- --·--• -·---·----••- •--•- ••••---• ••••-••• ••••••• ---- --•--------- - ·---·---•• • •---• ••--c--~•"""""-,.••••'•-,-_,•·--------•""-·~•--·- --• 
• 
4 Impact runs' at s·ection Q 
. ..
, .. 
I 
u, 
(J"I 
I 
Case I 
Case Il 
4-
\ 
TABLE .2 
Lane 1 
Lane 2 
Lane 3 
Lane 4 
Lane 1 
Lane 2 
Lane 3 
Lane 4 
' . 
MOMENT COEFBICIENTS AT SECTION M - CRAWL RUNS ' • ) i 
"'"-
East 
'M 
Total! Moment at Section M·=\915.0 kip-ft 
,· 
i ! Coefficient : Moment -· 
' . 
BEAM 
' 
. : ; 
' A B ' C D E!t Total : 
·, 
: 
.. 
' 56.2* 39.l 17.6 8.0 7.0 127.9 
· 37. 6 
: 42.S 26.0 12.4 8.14 126.9 26.5 36.9 35.6 17.9 12 .\8 129.7 : . ' 
1 18.6 : 26.l 40.0 : 26.0 18.jfi 129.3 I ' 
', 
#1'] 
it i 
89.2 61.0 26.9 11.9 10 .\8 199.8 59.9 67.2 40.6 18.7 14.\0 200.4 42.9 58.9 57.2 29.0 21.iO 209.0 
29. 4 40.2 
' 62.3 40 .1- 29 .i4 201.4 
? 
-
' 
· * Uni ts are 10-3\ · ft-in a • 
• 
Modulus of 
Elasticity 
(103 ksi) 
7 .15· 
7.21 
7.06 
7~07 
Ave. 7.12 
- . 4.58 
4.57 
4~38 
4.54 
Ave. 4.51 
.'-.../. 
------ -~--:-----~~~--....---------------\!: 
----·-- ---· ·-----·-- -
' 
TABLE 3 MOMENT COEFFICIENTS AND DYNAMIC LOAD FACTORS AT SECTION M 
' -
Vehicle in Lane 3, Case I 
Moment Coefficient (M.~.) --- Units are 10...a ft-in2 
Dynamic Load;Factor (DLF) = M.C. ~t Speed 
m M.C. at Crawl 
! 
' 
' 
- I 
i 
-SPEED 
(mph) 
BEAM A BEAM B 1 BEAM C BEAM D BEAM E TOTAL 
I 
u, 
-......J 
I 
Crawl 
5.-8 
8.0 
LO. 1.4-
·12. 7 _ 
. 15. 8 
17. 8 , 
19.2 
22. 4· 
24.6 
26.S 
30.4 
•' 31. 3 
34.8 
38. 3: 
40.l 
· ·42. 7 
- 45 • s: 
49.8 
50.4l 
53. 2' 
54 •. 7, 
57.2 
59. 7: 
M .C •. 
26.5 
28.7 
29.7 
29. 6 
31.0 
29.6 
32.3 
32.6 
34.5 
35.5 
35.S 
29.4 
31.1 
32.1 
34.1 
32.7 
:30.3 
30.5 
35.l 
32.6 
31.6 
33.5 
33.3 
32.4 
. 
(DLF)m M.C. 
1.00 36.9 
1.08 38.8 
1.12 42.l 
1.12 37.6 
1.17 42.7 
1.12 41.4 
1.22 43.7 
1.13 41.8 
1.30 4B.3 
1. 34 41.6 
1.34 42.2 
1.10 36.2 
1.17 35.0 
1.21 36.9 
1.29 36.8 
1.24 37.l• 
1.14 35.5 
1.15 38.2 
1.33 40.2 
1.23· 38.6 
1.19 39.8 
1.26 41.4 
1.26 40.5 
1.22 40. 2 
(DLF)m M.c. (DLF)m 
1. 001 3$.6 1.0;0 
l.05~ 36.5 1.0:3 
1.14 37.6 1.0·6 
1.02 36.l 1.01 
-1.16 38.9 1.09 
1.12 40.3 1.13 
1.18, 
:,. 42.2 1.19 
1.13' 40.7 1.14 
1.09' 38.8 1.09 
1~13 39.2 1.10 
1.14 39.7 1.12 
0.98 38.4 1.08 
0.95 35.2 0.99 
1.00 3·1. 9 1.0'7 
1.00 34.8 0.98 
1.01 35.9 1.01 ; 
0.96 35.3 
: 
0.99 
1.04 39.2 1.10 
1.09 38.8 1.09 
11.05 35!.5 1.00 
\1.08 37\.0 1.04 
1.12 37\.1 1.04 
1.10 38!. 7 1.09 
!l. 09 391. 6 1.12 
M.C. (DLF)m M.C. (DLF)m M.C. (DLF)m 
17.9 1.00; 12.8 1.00 129.7 1.00 · 
20. tJ. l. llJ. 13.9 1.09 138.3 1. 07 _ 
20.3 1.13! 14.6 1.14 144.3 1.11 -
20.2 1.13 14.l 1.10 137.6 l.06 
22.2 1.24 16.5 1.29 151.3 1.17 20.4 1.14 15.8 1.24 
~ 
147.S 1.14 
24.0 1.14: 18.0 1.41 160.2 1. 24. 
23.3 1. 30: 17.9 1.40 156.3 1.21 25.3 1. 41: 18.0 1.40 156.9 1.21 
23.8 1.33 1 18.5 1.45 158.6 1.22 26.7 1. 49: ; 22.5 1.76 166.6 1.28 
26.6 1. 48. 20.9 1.63 151.5 1.17 
24.0 1.34 17.6 1.38 142.9 1~10 22.9 1.28 17.7 1.38 147.5 1.14 
21.2 1.18: 15.3 1.20 142.2 1.10 
21.l 1.17: ' 14.S 1.14 141~3 1.09 
20.4 1.14'1 16.3 1.27 137.8 1.06 
23.B 1.33 21.7 1.70 153.4 ·1.1·8 
·24.4 1.36 19.1 1.49 157.6 1.22 
23.3 1.30; 17.3 1.35 147.3 1.·14 
23.8 1.33 1 19.0 1.49 151.2 1.17 
23.8 1.33; 18.5 · 1. 45 · 154.3 1.19 
23.6 1.31 1 19.8 1.55 1551 • g 1.20 
22.4 1.2s 1 19.0 1.48 153.6 1.18 
• 
: I -
' 
' 
• 
., . 
________ .,....-_..,....._,.... _____ _ 
I 
u, 
O'J 
I 
,-
- i 
" 
. 
TABLE 4 
SPEED .BEAM\ A 
(mph), M.C. (pLF~m 
i Crawl 42.9 1.00 
s.s\ 43.o 1.00 8 . 0 \ - 45 .'7 i. 0 7 I 10.4 \ 47.9 1.12 
12.7 \ 49.0 1.14 
15.8 \ 46.4 1.08 I 
, 17 .8 I 58. 7 Jl.37 
19. 2 \ 50. 7 1 .18 i 22.4 i 63.l 1.47 
24.6 62.6 t.46 
26.5 i 63.9 1,.49 
30. 4 \ s1. s 11. 20 
31.-3 : 52.9 l'..23 
34.8 I s1.8 1.21 
38.3 I 57.5 1.34 
40.1 ,:I 53.o 1.24 
42. 7 \ 49 .'7 1.16 · i ijS.8 I 48.7 1.14 4-9 8 I - 5 5 • 4 . 1. 2 9 • ! ' 
50.4 'ii I 51.9 1.21 ' . 
\ 53.2 : 61.0 1.42-
54.7 60.0 1.40 57.2 63.l 1.47 
59.7 50.2 1.17 
• 
~--
MOMENT COEFFICIENlS AND DYNAMIC LOAD FACTORS AT SECTION M 
Vehicle in Lane 3, Case II 
Mo1nent Coefficienti; (M.C.) --- Units are li0-3 ft-in2 
Dynamic Load Factor (DLF) m = ~: g: at Speed \ at Cvawl 
-BEAM B 
M. C .-
58.9 
57.5 
63.7 
59.7 
65.9 
63.9 
76 .. 5 
64.0 
71.0 
71.2 
73.5 
62.0 
57.8 
58.7 
60.2 
58.9 
56.7 
59.8 
62.1-
60.4 
73. 9 
72.2 
73.7 
61.5 
(DLF)m 
1.00 
.0.98 
1.08 
1.01 
1.12 
1.09 
1.30 
1.09 
1.21 
1.21 
1.25 
1.05 
- 1.02 
1.00 
1.02 
1.00 
0.96 
1.0-2 
1.05 
1.03 
1.25 
1.23 
1.24 
1.04 
BE;AM C 
M • C • \ (DLF) m 
57 .21 1.00 
53.7' 0.94-
5 7. 0 \ 1. 00 
57.3i 1.00 
60.3\ 1.05 
62.21 1.09 
7l+.2, 1.30 
62.5 1.09 
·68.2 1.19 
\ 6 7. 4 · 1.18 
69;..2 1.21 
65.8 1.15 
58.~ 1.02 
60.1 :l.05 
57 .o \-1.00· 
56.9 :0.99 
56.6 '0.99 
61 •. 6 :1.os 
59.9 ll.05 
55.7 :Q.98 
68. 7. :1. 20 
64.8' \1.13 
70.4 1.23 
60.5 1.06 
' 
- ' 
' 
BEAM D ~ 
M.C. (DLF)m 
29.0 I.DO 
29.8 1.03 
~ 30.3 1.05 
31.6 1.09 
33.9 llfl7 
31.1 1.07 
41.6 1.44 
35.2 1.22 
44 .1 1. 52 ~ 
40.4 1.39 
46.2 1.59 
45.0 1.55 
39.2 1.35 
36.0 1.24 
34.2 1.18 
33.0 1.14 
32. 2 1.11 . 
36.9 1.27 
3,7. 2 1. 28 
36.2 1.25 
44.3 1.53 
41.2 1.42 
42.S 1.47 
33.8 1.17 
• 
BEAM E 
M .C. (DLF) m 
21.0 1.00 
20.9 1.00 
22.7 1.08 
'-
- 22.9 1.09 
26.l 1.24 
25.1 1.20 
·32. 4 1. 55 
28.l 1.34 
·_ 32.6 1.56 
~32.7. 1.56 
4-0.7 1.94 
· .37.0 1.76 
29.9 1.42 
:28.6 1.36 
-:25.8 1.23 
. 
'23. 7 1.13 
\26. 8 1. 28 . 
35.0 1.67 , 
30.2 1.44 
27.7 1.32 
:B6.5 ,1.74 
33.4, 1.59 
37.6 1.79 
29.8 1.42 
' 
TbTAL 
M.c.: (DLF)m 
209.0 
2104. 9 
219.4 
219.4 
235.2 
228-. 7· 
' 
2-83. LJ. 
240.5 
279.0 
I 274.3 
293.S 
261.3 
I 238.l 
235. 2. 
234 •17: 22~ .(5 
222. Q, 
242.0i 
244.8\ 
-231.9 
284.4 
271.6 
287.3 
235.81 
1.00 
0.98 
1.05 
1.05 
1.13 
1.10 
1.36 
1.15 
1.34 
1.32 
1.41 
1.26 
1.14 
1.13 
i.13 
1.08 
1.07-
1.16 
1.18 
1.11· 
1.36 
1.30 
1.-38 
1.12 
" 
.._ 
• 
.. 
• 
I 
u, 
t.D 
I 
SPEED 
(mph)· 
.. 
Crawl 
6.1 
8.0 
10.2 
12.5 
15.6 
16.8 
19.5 
22.S 
25.1 
26.8 
30.2 
32.5 
33.2 
37 .,0 
40.1 
41.6 
43.5 
47.0 
51.4 
54.5 
54.7 
5,7. 2 
-59.Bj 
t 
" 
TABLE 5 
) 
BEAM A 
'M .C. \(DLF).m 
: 18. 6 1.00 
'19. 9 1.07 
21.2 1,.14 
· 20. 6 : 1:.11 
21.5 1.16 
:. 21. 4 1.15 
:23.0 ·. 1. 24 
:23.l 1.24 
:22.4 1.20 
'24.6 . 1. 32 
:28.3 .1.52 
22\. 2 ·1.19 
24.4 1.31 
,22.6 1.22 
l23.l ·1.24 
25.5 1.37 
'27.5 1.48 
t28;. 7 1.54 
\ 25. 9 '1.39 
24.6 '1.32 
25.8 1.39 
26.1 1.41 
-:24.-9 1.34 
\24. 2 1.30 
' i 
MOMENT COEFFICIENTS AND DYNAMIC LOAD FACTORS AT SECTION M 
' 
'Vehicle ~d Lane 4, Case I 
Moment Coefficient· (M. C. )· -- - Uni ts are 10-3 ft-in a 1 
Dynamic Load Factorl (DLF) _ M .c-. at Speed 
- 1L . ' m M.C. at Craw: ~ ,, 
' 
,; i 
BEAM B : BEAM d BEAM D BEAM E TOTtL ' M. C. (DLF) ; M .c·. (D~F) m M.C. (DLF) M. C. (DLF) M.~. ,DLF)m m; m m 26.1 1.00 26.0 1.100 26.0 1.00 18.6 1.00 129.3 1.00 28.3 1.08 42.2 1.)06 28.3 1.08 19~8 1.07 138.5 ·1. 07 
29.2 1.11 42.8 1Jo7 29.2 1.11 21~2 1.14 143.6 1.11 28.2 1.08 41.3 l .!03 28.2 1.08 2ols 1.11 138.8 1.07 
' 30.8 1.17 48.8 l.ll4 30.8 1.18 2lf5 1.16 153.4 · 1.19 
29.8 1.14 45.7 l .ll4 29.8 1.14 21.4 1.15 148.1 . 1.15 30.0 1.15 : 47.6 l.]19 30.0 1.15 23,0 1. 24 153.6 • 1.19 32.4 1.:24 45. 6 · 1.)14 32.4 1.24 23.l 1.24 156.6 1.21 31.2 1 .. 20 48.5 1.;:21 31.2 1.20 22.4 1.20 155.7 1.20. i 32.2 1.23 . 
. 
45.5 1.114 32.2 1.23 24.6 1.32 161.1 1. 25 . 
34.4 1.32 44.7 1.12 34.4 1.32 28.2 1.42 170.0 1.32 30.3 1.16 • 39.5 0 .;99 30.4 1.16 22.2 1.19 144.6 1.12 · 
.S 30.1 1.15 39.5 0.99 30.l 1.15 24~3 1.31 148.4 ·1.15· l 
22~6 27.7 1.06 : 40.7 1.02 27.7 1.06 1.22 141.3 1.09 . 
30.4 1.16 39.S 0.99 30.4 1.17 23Jl 1.24 146.5 1.13 
0.98' j 1.37 150.8 1.17 30.4 1.16 39.0 30.4 1.17 25~5-
31.9 1.22 39.4 0.99 31.9 1.22 27JS 1.48 158.2 !1~22 
31.7 1.21 40.9 1.02 31.8 1.22 28.7 l. 154 161.8 1.25 
-31.1 1.19 41.9 l~P5 31.2 1.20 25 .. 9 1.39 156.0 1.21 30.9 1.18 40.2 1.01 30.9 1.19 24J6 1.32 151.2 1.17 30.4 1.16 41.1 1.03 30.4 1.17 25 .\8 
' 
1.39 153.5 1.19 
31.7 1.21 41.3 1.03 31.7 1.22 26 .il 1.41 156.9 1~21 
29.9 1.14 43.7 1.09 29.9 1.15 24.JB 1.34 153.l 1.18 29.3 1.12 42.9 1.07 29.3 1.13 24.12 1.30 ~ 149.9 1.16 
.. 
. i 
' ! 
i. 
··- \' . 
I 
. I 
i. 
i 
i 
,--_---
! 
I 
! 
I-
1 
I 
I 
O"> 
0 
I 
I 
I 
I 
I 
I 
i 
j . 
l 
I 
. I 
I 
I 
I 
! 
I 
l 
I 
.. ! 
' 
' i 
! 
; I 
i SPEED 
I (mph). 
I 
I 
CrawIL 
6. li 
I 
8.0' 
10. 2 , 
12.S 
· 15. 6 
16.8 
·19. S 
22.5 
25.l 
26.8 
3.0. 2 
32.5 
33. 2 1 
37.0 
40.1 
41. 6 1 
' i 
43. 5 i 
47. 0 ! 
• I 
51. 4 l 
. I 
I 54. 5 \ 
54. 7 ! 
5 7. 2 i 
' i 59. 8 I 
; I 
! 
. ' 
I 
TABLE 6 
; : ( ) . MOMENT COEFFICIENTSlAND· DYNAMIC LOAD FACTORS AT SECTION M 
~ : 
.... 
Vehicle in Lane 4, Case II 
/ 
'Moment Coefficient (M.C.) --- Units are 10·3 ft-in2 
. 
j 
' ' 
I BEAM A BEAM B BEAM:C BEAM D BEAM E TOITAL (DLF): i I M. C. I (DLF) M. C. , (DLF) m M. C. M.C. (DLF) M.C. (DLF) M.C. (DLF) m . m m : m I ffi 29. 4. 1.00 40.2 1.00 · 62. 2 1.00 
' 
40.1 1.00 29. 4 1.00 201.3 1.00 •, 30 9 ; . 1.07 43.2 1. as: 65.1 1.05 43.2 1.08 30.9 1.05 213.3 1.06 ,J 32.5 1.11 43.8 1.09 ·64.9 1.04 43.9 1.09 32.5 1.11 217.6 1.08 32. 3· · 1.10 44.4 1.10 65.8 1.06 44.4 1.11 32.2 1.10 221.l 1.10 34. 7 . 1.18 48.3 1.20: 77.2 1.24 48.2 1 .• 20 34. 7 1.18 24.3 .1 1.21 34.3 1.17 46.5 1.16 "· 7 2. 1 1.16 46.5 1.16 34.3 1.17 233.7 1.16 42. a 1 1.43 52.9 1.32 85.2 1.37 53.0 1.32 42.0 1.43 275.l 1.·-37 38.3 1.30 52.4 1.31 74.2 1.19 52.4 1.31 38._3 1.30 255.6 1.27 
' 39.6 1.35 53.4 1.33 84.1 1.35 53.4 1.33 39.6 1. 35, 270.1 1.34 44. 4 . 1.51 S 7 '• 5 1.43 79.8 1.28 57.5 1.43 44. 3. 1.51 283.S 1.41 
49. 4 • 1.68 57.6 1.43 76.0 1.22 5 7 .,s 1.43 49.4 1.68 289.9 1.44. ' . 39. 4, 1.34 51.7 1.28 67.9 1.09 51.6 1.28 "'\ 39.l 1.34 249.7 1.24 39. 6 · 1.35 47.6 1.18' 63.l 1.01 47.5 j ~9 .6 1.35 237.4 -1.1s 1.18 38 .1 - 1.30 45.1 1.12• 67.0 1.08 45.1 1.12 - 1.30 233.3 1.16 38.0 38. 2 · 1.30 48.9 1.22 64.3 1.03 49.0 1.22 38.2 1.30 238.6 1.18 41.1 ,l. 40 47.4 1.18 61.5 0.99 47.4 1.18 41.0 1.40 238.4 1.18 44.8 11. 53 50.3 1.25 62.6 1.01 50.4 1.25 44.8 · 1.53 252.9 1.26 47 .1 · ;l. 60 50.2 1.25 6 5. 0 ,, 1.04 50.2 1.25 47 .1. 1.60 259.6 1.29 42.9 tl. 46 so.a , 1. 24; 68.0 1.09 so.a 1.24 42.9 1.46 253.8 l·. 26 40. 7. 11. 39 46.8 1.17 67.5 1.09 46.7 1.17 40.7 1.39 242.4 1.20 ! 5o.5• il. 72 56.9 1.42 77.6 1.25 56.9 1.42 50.5 1.· 72 292.4 l. 45 48.1 l1.. 6 4 55.7 1.39' 73.2 1.18 55.7 1.39 48"0 1.64 280.7 1.40 
47:.0 11. 60 54.4 1.35 80.4 1.29 54.4 1.35 47.1 1.60 283.4 1.41 i 40 •. 2 · [L. 3 7 47 .0 . 1.17 69.S 1.12 47.0 1.17 40.2 1.37 243.9 1.21 
.,_ 
i 
I 
. I 
_______________________________ !_______ ~ ·_.! ____ _ 
i 
. I 
' i 
I 
' I 
I 
I 
I 
I 
I I 
°' 
I 
t--' Cass I 
I I 
Case II 
I 
I 
I 
l 
. i 
I 
I 
I 
T.ABLE 7 
Lane 1 
Lane 2 
Lane 3 
Lane 4 
Lane 1 
La11e 2 
Lane 3 
Lane 4 
J. 
MOMENT COEFFICIENTS AT SECTION M -. IMPACT RUNS 
. ' 
'. 
M 
' 
• 
BEAM 
' 
! 
/ TOTAL 
' ! 
A 18 C I D E 
' ! .. 
' . 
1 
82.6* 64.6 36.4 31.7 39.0 254.3 
..:. 63.4 70.S 53.S 36.0 30.0' 2$3.4 ! 
., 
' 
! 49.4 65.1 71.7 44.6. 30.3 261.1 
37.7 54.1 77.6 54.1 37.6 261.1 
' 
) 154.8 111.1 64.7 57.2 73.7 467.S 
I 
122.8 130 .. 3 98.1 65.8 58.0 475.0 
' 
95:. 2 120\. 8 134.1 82.5 58.6 491.2 
; 
73 1 • l lOOl.S 146~0 100.5 73.1 493.2 
* Units are 10-3 ft-in2 
-.,..,, 
! . 
', 
; 
' 0-, ,r\ 
f\J 
I . 
i 
\ 
' l 
I 
( : 
l 
'! 
i ~ 
· 1 
. I 
I 
't 
i 
'l 
t 
l 
l 
I 
i 
t 
! 
' Case I 
l 
I . 
I 
''i 
Case JI! 
: 
i 
' I
\ 
\ 
I 
I 
I I 
I 
l 
! 
I 
I 
t l 
I 
i 
i 
I 
I 
I 
I 
I 
I 
\ 
I· 
I I 
I 
I 
! 
i 
: 
l : 1 
- -- ·------ -- -· . -
, TABLE 8 DISTRtBUTION:COEFFICIENTS AT SECTION M - CRAWL RUNS 
East 
• 
M 
Distribution Coefficient - Moment Coeff'icient ~ Moment Coefficients 
Lane 1 
Lane 2 
Lane 3 
Lane 4 
Lane 1 
Lane 2 
Lane 3 
Lane 4 
A 
43.9 
29.6 
20.4 
14.4 
44.6 
30.2 
20.7 
' 
14.6 
r 
BEAM 
B C ; ; ~ 
; 
30.6 13.8 
i 
33.6 20.4 
28.5 27.5 
20.1 31.0 
I 
' 30.4 13.6 
33.4 20.2 
: 
28.3 27.4 
; 20.0 ·30. 9 
\ 
' l 
; 
.... , .. , ...... ~---.--.... ----·--·-··-"" -~····--··-· - . ··-······· --- . 
(· 
(100) 
D 
6.2 
9.8 
.. 
13.8 
20.1 
6.0 
9.5 
13.6 
19.9 
-
E· 
:;:::-, 
S'. s 
6.6 
9.8 
14.4 • 
5~4 
, 
6. 7· 
10.0 
14.6 
. i 
I 
• 
• 
... 
I 
I 
f 
. I 
! 
J 
I 
l 
J 
I 
,;. : . 
' ; 
I: 
.. ' 
7 .' 
I 
0) 
l).) 
I 
SPEE!il 
{mph~r.: 
,. 
I• 
Crawi 
5. 8;!' 
8 -011 
• ii 
l0.4t! 
12. 7j 
15 .8' 
I 
11 .si I . lg 2,, 
• 'I ! ,. 
22.4l 
24 6il. • ll 
26 Sil i l • ii ii 
30. 41.1 
31.311 
34. 811 
11 38. 3:i 
··1 40 l ;I. • ii 42 7,1 : i . ,, 
; I 
45. 8\! 
, .I 
. 49. SH 
so. 4i 
53. 2:, 
!I 
. 54. 7:1 
57 2d • i :: 
; 'I 
! !i 59. 711 
1· 
• ·-::.--la.' • 
ft 
TABL~ 9 DISTRIBUTION COEFFICIENTS AT SECTION M - SPEED RUNS 
~ 
Vehicle in Lane 3 
Distribution Coefficients Moment Coefficient 
= ~ Moment Coeffi~ients (lOO) 
: 
CASE I . CASE·rr 
BEAM 
.· 
BEAM 
"' 
_,, 
A ... B C D E A B C· D E 
. . 
: 
20.4 28.5 27.S 13 .Bi 9.8 20.7 28.3 27.4 13.6 10.0 
: 
~ 20 .. 8 J 28.l 26.3 0 ~14.7 10.1 21.0 
.. 
28.1 26.2 14.5 10. 2· 
201. 6 29.2 26.0 14.1 10.1 20.8 29.1 26.0 13.8 13.3 
-21.S 27.4 26.2 14.7 10.2 21.8 27.2 26.2 14.4 10.4 
20 •• 5 28.2 25.7 14.7 10.9 20.8 28.1 25.6 14.4 11.1 
.' 20 .• 1 28.0 27.3 ! 13.8 10.8 20~3 27.9 27.2 13.6 11.0 
I 
20.2 27.2 26.3 15.0 11.3 20.7 27.0 26.2 14·. 7 11.4 
·20.9 26-· 7 · 26.1 14.9 11.4 21.1 .26 .6 26.0 14.6 11. 7· 
•22.0 25.7 24.7 16. 2: 11.4 22.6 25.5 24.4 15.8 11.7 
•22.4 26~2 24.7 ' 15.0; 11.7 22.8 26.0 24.6 14.7 11.9 .. 
21.3 25.3 23.9 16 .o: 13.5 21.8 25.0 23.6 15.7 13.9 
19.4 23.9 25.3 17.6 13.8 , 19.7 23.7 25.2 17.2 14.2 
.21.8 24.5 24.6 16_.8: 12.3 22.2 24.3 24.5 16.4 12.6 
·21.8 25.0 25.7 15.5 l~O 22.0 25.0 25.6 15. 3 · y 12.1, 
24.0 25.8 24.S 14.9, 10.8 24 .• 5 25.6 24.3 14.6 11.0· 
23.l 26.3 25.4 : 14.9; 10;3 23.5 26.l 25.2 14.7 10.s• 
22.0 25.7 25.7 
.. 
, 14. Bl 11.8/ 22.4 25.5 25.5 14.S 12.1 
·19.9 24.9 25.5 1s.s: 14.2 20.l 24.7 25.S 15.2 14.S ~ 
22.3 25.5 24-. 7 1.5.4' 12.1 22.~- 25.4 24.5 15.2 12.3 
22.1 26.2 24.1 15 .8\ 11.8 22.4 26.l 2-4.0 15.6 11.9 
20.9 26.3 24.S 15. 7: ·. 12.6 21.4 26.0 24.2 15.6 12.8'' 
21.7 ,26. 8 24.1 15.4' 12.0 22.l 26.6 23.9 15.2 12.3'. 
21.4 26.0 24.8 15.l: 12.7 
' 
21.9 25.7 24.5 14.8 13 1 . ' 
21.1 26.2 25.8 14.6j 12.3 21.3 26.l 25.7 14· •. 3 12.6 
. 
. .. 
I '\: '" 
. _, 
TABLE 10 DISTRIBUTION COEFFICIENTS AT SECTION M - SPEED RUNS 
Ve.hicle. in Lane 4 
--
'.. 
"'j 
Distribution Coefficient Moment Coefficient (100) -- r: Coefficients Moment 
CASE I - CASE II SPEED· BEAM BEAM ; (mph) ·. 
·A B C •' D E A ' B C D E ·~ ., 
j : 
Craw1l 14.4; 20.l 31.0 20.1 14.4 14~6 20.0 30.9 19.9 14.6 6 .1\ 14. 3\ 20.4 30.5 20.5 14.3 14.S 20 .:2 30.5 20.3 14.5 ~ I i4. 71 8. 01 20.3 29.9 20.4 14.7 15.0 20 .:1 I 29.8 20.l 15.0 i 14~8 , 20. 3 29.7 20.4 14.8 15.1 20.:1 29.7 .20.1 15.0 10. 21 :_. 12. sl - • I 14.1 20.0 31.8 20.0 14.1 14.2 19~9 31.8 19.9· 14.2 
I 15. 6 1 · 14.4 20.1 30.9 20.2 14.4 14.7 19.9 30.9 19.9 14.6 er, 16.8 15.0 19.5 31.0 19.5 15.0 15.2 19.3 31.0 19.3 15.2 
,-
-I 19.5 14.8 20.7. 29.1 20.7 14.7 15.0 20.5 29.0 20.5 15.0 22.5 14.5 20.0 31.1 20.0 14.4 14.6 19.a 31.2 19.8 14.6 25.~ . ri-5. 3 ; 20.6 28.2 20.6 : 15.3 15.6 20.3 28.2 20.3 15.6 : b 26. 9; (/ , 16.7 20_. 2 26.3 20.2 16.6 ·17 .0 .19. 9 26.2 19.9 17.0 30 •.. 2; 15.4 21.0 27.3 ' 21.0 15.3 1s·. 7 20.7 27.2 20.7 15.7 • I 16.4 26.6 16.4 16.7 20.0 ' 32. 51 20.3 20.3 26.6 20.0 16.7 I 3 3. ,2i 16.0 19.6 28.8 19.6 · 16 .0 16.4 19.3 28.7 19.3 16.3 it 37 .o: 15.8 20.7 - 27 .o . 20.7 , .• 15. 8 16.0 20. 5. 27.0 20.5 16.0 II 
' 40·.li 16.9 20.2 25.9 20.2 ·16.8 17. 2. 19. 9\ 25.8 20.0 17.·2 i l . : ' 41. 5:j 17.4 20.l 24.9 20.2 :17.4 17. 7, 19.9 24.8 19.9 17.7 I : I 17.8 .--.... 19 .41! 1 I ! 19.6 25.3 19.6 17.7 18.1 25.0 19.4 1.8.1 43. 511 '' I! ' 47 .Di\ 16.6 20.0 26.8 2.0. 0 16.6 16.9 19. 7': 26.8 19.7 16.9 I I \ 
' . 
. ' 16.2 20.5 26.6 : 20 .5 16.2 16.8 19. 3! 27.8 ·19~3 16.8 51. 4:1 \ . ' I : : 54. 5\,1 I 16. 9 \ 19.7 26.8 : 19. 7 :16 .8 17.2 19'. 5 26.6 ,19.5 17.2 
\ 
I 
'26. 3 19 .8 1 54. 7!i 16. 7.1 · 20.2 20.2 \16. 6 17.1 26.1 19.9 17 .1, 57. 21! · l 15,. 2 I 19.5 28 .·6 19.5 116. 2 16.6 , 19. 2: 2s·. 3 19.2 16.7 59.8\ i ' I ' I 16 ~ 4 1 19.5 28.6 :19.5 ;16. 2 16.5 19. 2·; 28.5 19.3 16.5 I '. I 
' 
I 
/. 
• 
I, 
I . I 
. I 
I 
cr, 
u, 
I 
Case I 
Case II 
i 1 
I 
I 
i. 
i 
i 
! . 
I . 
I 
\ 
I" I 
. ,.; 
. 
" 
TABLE 11 DISTRIBUTION COEFFICIENTS AT SECTION M - IMPACT RUNS 
Distribution Goeffic·ie.nt 
Lane 1 
Lane 2 
·Lane 3 
Lane 4 
Lane 1 
Lane 2 
Lane 3 
Lane 4 
/-
'. j 
: l 
; ' 7- : 
ii : 
:
1
A : 
3\2 .s ; 
, 
: 
21s.o 
18.9 
14.5 
' 
. 
i 
I 
' j 
! 
33.1 
' 
I 
i 
2S.9 ' 
19.4 
' 
1~.9 
: : ; 
' 
; j 
I 
East 
10 mph 
M 
Moment Coefficient 
=~Moment Coefficients (lOO) 
BEAM 
B C D 
.25. 4 14.3 12.5 
27.8 21.1 14.2 
24.9 27.5 17.1 
20.7 29·. 7 20.6 
' 
' 25.l 13.8 i 12.2 
, 
27.4 20.6 , 13.9 
; 
24.6 27.3 : 16.8" 
I 
20.3 29.6 ! 20.3 - , 
' 
.. 
E 
15.3 
11.9 
11.6 
14.4 
\ 
15.8 
:J,.2.2 
11.9 
14.9 
I 
• 
. ' 
' . ! 
1 . 
I . 
O') 
en 
I 
(l 
! . 
Beam 
A 
B 
C 
. ! 
I 
• 
TABLE 12 ~ DEVELOPMENT OF EXPERIMENTAL DI.STRIBUTIQN FACTORS . : ; 
' 
I 
. 
Values from Influence Lines : 
' 
' 
. 
Distributid>n Factors 
·' Design Lane 
. ' 
Toital I ' 
L~ft,.·. Center Right Li-C+R Experimental C : Design 
I rs 
i . I I 
I 
' : i I ! l 
I : 'i:, 
' l46l .·ro \ 16.3 5.7 68:. 0 1.360 1.158 ' I .. I ! 
I ; 
I 
I 
I 
I 
I s B2.9 24.5 7.8 "65 .• 2 1.304 1.727 - -7.4 I 
! 
i 
! ,. 
i 
I 
I 
s 
~7.1 30.9 17.1 65.l 1.302 I 1.727 = 7.4 = i I I . 
I 
; 
' 
. 
) 
,· 
: 
: 
d 
I 
·-' 
ExpeJti-
-.mental 
. ! 
Design 
1.174 
i 
' 
I 
I 
} 
s 0. 755[ s.s ~ ! 
i 
J 
s I 0.751.f s.s I ' i 
: 
. 
', 
• 
!' 
------~-,,.m,:;,,'"""~-~: ~~l~~~~~~: ,· i'S,1~,i;,.dt:~.1 ~~:;::li~~~,,~/ ·l;ii\~'\.l~iJ,}'"i1'...,'. ,.t~~~fy~~:'.-1'..[;·Vif,,~;;,··~,.,:..i!~;:;:,.-i,~;:,':,;c~i-~'~,;;;;_,~--·.~~;:~·,-.~,;~ -,
1
r:-..·~;...;..·i..._;,.;:.:..._...-~ .. ~-.. ~;:-,!._........__.,..,,..,-.. ,~.~-- - ~-.-"--~-------· ~ 
' I 
i 
!"I 
I ~ 
' 
; 
TABLE 13 BEAM DEFLECTIONS AT SECTION M - CRAWL RUNS AND IMPACT RUNS 
1 
en 
-.J 
I 
I 
Crawl Runs 
i 
Impact Runs 
· at 10 mph 
:, Lane 1 
Lane 2 
Lane 3 
Lane 4 
Lane 1 
Lane 2 
Lane 3 
Lane 4 
; 
' 
i J 
A 
' J 
0.108* 
' 
0.080 
0.055 
' 
0.035 
0.18~ 
0.137 
0.108' 
j 
; 
' 0.080 
* Units are inches 
BEAM 
B C D 
0 .• 088 .0 .i040 0.022 
' 
0.093 0 .:053 0.034 
: . 
0.083 0 .:079 0 .048 
0.065 0 .;085 0.065 
I 
0.152 0 .;100 0.082 
. 
: 
0.166 0 .tl38 0.096 
0.158 0 .:172 0.125 
; 
0.140 0 .:182 0.140 
) 
' 
E 
0.011 
0.018 
0.026 
0.035 
\ 
: 
0.083 
0.066 
0. 064 -
\ 0.080 
• I 
i 
I 
r . 
' . 
~ 
" 
I 
O"l 
00 
I 
~ 
~· 
-==r·.jjfl!ifo ,S,W•,;.•rrpH%4lAAi,~llZ1£fd!!IT~,,=~~~=™~---·.d=··"'~'~"~~ ... d,.,...~,.,,..,.n,.~m~.=J."5&t. .. pt~-~. ~,,-~.&._. __ ~1_ .. _x ..... ___ J._L_z~_g __ J ·~L~L ___ L L __ Q L. __ 
• . l 
' 
•i 
! 
i 
TAB.LE [14 
/ 
I 
SPEED BEAM A f (mph) .6 (DLF) d 
Crawl 0.055 1, 1.00 
5.8 a.ass , 1.00 
8.0 0.061 · 1.11 
10.4 0.057 I -: l. ·; 04 
12. 7: 'i 0.064 . 1.17 
15.8' 0.056 •.. 1.02 
17.8' 0.064 I 1.16 
I 
19 ·. 2. 0.065, : 1.19 
22.4: 0:.064 1.16 
24.6 o·.010 · 1. 28 
26. 5 • 0.070 1.28 
30.4 0.058 1.06 , 
31.3 ' I 0.060 ·1.10 
34.8 
' 
0.059 1.08 
38.3 0.071 i 1-. 29. 
40.1 .•. 0.066 1 l". 21 
42.7 0.061 l.ll 
45.8 0.063 i 1.14 
49.8 : 0.069 [ ,1. 26 
so. 4 , - 0 .• 067 ; 1. 22 
53.2 
54.7 
· 0 .070 i 1. 27 
i 
,0.068 1.24 
57.2 : 0 .• 066 1.21 
59.7 0.066 11. 21 
i 
. I 
! • 
I 
.-BEAM DEFLECTIONS AND DYNAMIC LOAD FACTORS AT SECTION M 
Vehicle in Lane 3 
Beam Deflectionj (6) --- Uni ts are inches 
Dynamic Load Factor (DLF)d =: at Speed 
at Crawl-
BEAM B BEAM C > BEAM ' 
6 (DLF) Ji 6 (DLF) d 6 
' 0.083 1.00 1 0. 07·9 1.00 d.048 
0.085 1.02 0.083 1.05 0.048 
0.089 1.07 0.084 1.06 a. 049 
0.086 1.03 0.084 1.06 0.052 
0.095 1.14 
-
o .. 093 1.18 d .. 052 
0.094 1.13, 0.086 1.09 o:. 049 
0.095 l.l4j 0.093 1.18 Oi.060 
0.095 1.14 1 0.092 1.16 01. 059 
0.096 1.15 0.098 1.14 a:. 052 
0.106 1.27 0.094 1.19 Oi.061 
· 0 .104 1.25; 0.098 1.14 Oi. 066 
0.088. 1.06' 0.088 1.11 Oi. 067 
,, 
o:. 060 0.089 1.07 0.084 1.06 
0.087 1.os· 0.092 i.16 0\. 057 
0.093' 1.02, 0.088 1.11 01.052 
0.091 1.10: 0.092 1.16 o;.os3 
0.087 1.os: 0.085 1.08 O'. 053 
0.095 1.14 0.093 1.18 0 .059 
0.098 1.18 o .o·gg 1.25 0:.060 
0.095 1.14 0.093 1.18 0\.059 
0. 098 . 1.18 0.096 1.22 0.068 
0.097' 1.17 0.089 1.13 0\.062 
0. 096 · 1:.16 0.093 1.18 0:. 063 
0.090 1.08 0.088 1.11 0:. 05 7 
i 
.c· 
. 
. 
D BEAM .E 
(DLF) n 6 (DL~) n 
1.00 0.026 1.00 
1.00 0.025 0.96 
1.02 0.027 1.04 
1.08 0.028 1.08 
1.08 0.0~4 1.31 
1.02 0.029 l.l2 
1.25 0.035 1.35 
1.23 ( 0.035 1.35 
1.29 0.034 1.31 
1.27 0.036 1.39 
1.38 0.042 1.62 
1.40 , 0.039 · 1.90 
1.25 0.033 1.27 
-1.19 0.039 1.50 
1.08 0.028 1.08 
1.10 0.028 1.08 
1.10 0.031 1.19 
1.23 0.041 1.58 
1.25 0.038 1.46 
1.23 0.035 1.35 · 
I 
1.42 0.039 1.50 
1.29 0.037 ·1. 42 
l.31 0.041 1.58 
1.19 0.038 1.46 
. 
\ 
-
-
l 
: 
i 
I 
i 
i 
.. 
.. 
\ 
, l 
0 i 
' 
' 
I 
O"> 
lO 
.I 
SPEED 
(mph) 
Crawl 
6i.l 
8.0 
10.2 
12.5 
15.6 
16.8 ·. 
19. S· 
22.5 
25.l 
26.8 
30.2 
32.5 
33.2 
37.0 
40.l 
41.6 
43.5 
47.0 
51.4 
54.5. 
54.7• 
S 7. 2: 
59.8 
' ) 
j 
'TABLE 1 15 
\ ·~ 
BEAM A 
; 
I BEAM DEFLECTIONS AND DYNAMIC LOAD FACTORS AT SECTION M 
Vehicle in Lane 4 
Beam Deflection (6) --- Units are inches 
Dy'namic Load _Fact,or (DLF) d = : at S:eeed • 
at Crawl 
' 
BEAM B BEAM C 
I 
BEAM D 
I 
. 6 i (DLF) d '6 (DLF):a 6 (DLF) d 0 (DLF) d . 
. ' I 0.035 1.00 
(l) ... 036 , 1.03 
0.040 l 1.14 
I 0~041 1 1.17 
0~044 ·l.26 
0.042 1.20 
o.'.065· 1.00\ 
0.!066 1.021 
0 • :a 6 8 1 • 0 Si 
0 .070 1. 081 
.; 
0 .076 1.17: 
o • o 7 2, 1.11I 
0.085 1.00 
0.091 1.07 
0.093 1.09 
Q.065 
0.066 
().068 J . 
Q.070 
C).076 
I 
0.072; 
1.00 
1.02 
1.05 
' 0~043 I 1.23 
' 
0.076 1.17: 
0.092 1.08 
0.102 1.20 
0.094 1.11 
0.100 1.18 
0.103 1.21 
0.103 1.21 
0.076 
(p.074 
cb.077 
1.08 
1.17 
l.,11 
1.17 
1.14 
1.18 
1. 29. 
I. 
0.046 1~32 
. 0.043 1.23 
0.051 1.46 
0.054 1.54 
0.042 1.20 
0.044 : 1.26 
I 
0.041 I 1.17 
0. 046 : 1. 32 
0 .050 \ 1.43 
0.054 1.54 
0.055 I' 1.57 
I 
0~053 1 1.53 
0.051 , 1.46 
0.053 1.52 
0.,053 1.52 
a • o 5 3 : 1,1• s 2 
0.052 f 1.49 
I , 
0.074 1.14; 
0. 077 1.18: 
0.084 l.29l 
0.088 1.35 1 
0.074 1.14 
0.073 1.12 
0.071 1.09 
0.075 1.15 
0.073 1.12 
0.076 1.171 
0.077 1.1.81 
0.078· 1.20 
0.078 1.20· 
0.082 1.26· ·. : . 
0.078 1.201 
o.oso l.23i 
0.072 1.11 
i 
"' ' 
0.109 1.28 
0.112 1.32 
0.098 1~15 
o.o9s 1.1s· 
0.097 1.14 
0.098 1.15 
0.096 1.13 
0.093 1.09 
0.099 1.17 
0.103 1.21 
·0.101 1.19 
0.100 1.18 
0.100 1.18 
0.098 1.15 
0.095 1.12 
; 
CD.084 
~.088 
~.074 
Cl).073 
0).071 
0.075 
0.073 
0.076 
0.077 
Q.078 
0.078 
0.082 
0.078 
0.080 
0.072 
! 
. 1. 35 
1.14 
1.12 
1.09 
1.15 
1.12 
1.17 
1.18 
1.20 
1.20 
1.26 
1.20 
1.23 
1.11 
6 
BEAM E. 
(DLF) d 
0.035 
0.036 
0.040 
0.041 
0. 044' 
0.042 
0.043 
0.046 
0.043 
0.051 
0.054 
0.042 
0.044 
0.041 
0.046 
0.050 
0.054 
0.055 
0.053 
0.051 
0.053 
0~053 
0.053 
0..052 
l • 
1.00 
1.03 
1.14 
1.17 
1.26 
1.20 
1.23· 
1.32 
1.23 
1.46 
1.54 
1.20 
1~26 
1.17 
1.32 
1.43 
1.54 
1.57 
1. 52 · 
1.46 
1.52 
1.52 
1.·s2 
1.49 
! 
.. 
.;:, 
r 
I 
........ 
0 
I 
- ... 
Case I 
~ 
Case II 
l 
! 
! 
j 
I 
' 
l 
I 
! 
I 
i 
i 
! 
,- i 
i 
i 
i 
' 
'. 
TABLE 16 · 
' ' 
• ,a;· 
Lane ,1 
Lane 2 
- Lane 3 
Lane 4 
Lane l 
Lane 2 
Lane 3 
Lp.ne 4 
/. 
IMPACT FACTORS AT SECTION M - BASED QN,MOMENT COEFFICIENTS 
.,_ 
_ Mom~nt Coefficient at Impact 
- Moment Coefficient at Craw.11-
East 
la 10mph 
M 
. ' 
. 
i ·BEAM· . 
'-
! 
A . B C D 
' 
' 
1.47 1.66 2.07 3.97 
1.69 1.66 2.06 2.91 
1.87 1.77 2.02 2.54 
2;.03 2.08 1.94 2.08 
'-
1.74 1.92 2.41 4.78 
21. 05 1.94 2.42 3.51 
2~22 2.05 .2. 35 2.84 
2.49 2.50 2.35 2.50 
' 
/' 
I E 
5.58 
3.58 
2.37 
2.03 
4.84 
4.14 
2.79 
2 .. 49 
_ ~ Moment· Coefficient at Impact 
- ~ Moment Coefficient at Crawl 
.) 
. 
·, 
' ~ 
I 
I I 
I 
Total* 
I 
Bridge 
Behavior 
' 
' 
. 
. :/ 1.98 1 
' ' 
l.97i 
2~03: 
2.03 
i 
2.31 
2.34 
2,.42 
2.431 • 
I 
I 
' 
j~ 
• f: 
~' 111 11111~111·111\ .......... 1111111111111111111111111111 .. 1 ... .............................................................................................................. 1 llllllllm-l ................... -----~~ ............. -----__,;..._.c..-'----~-------'-~~ 
I 
'-J 
...... 
I 
' 
i 
'i 
. Lane 1 
: 
! 
' . 
. f Lane 2 
! 
! 
Lan~ 3 
I 
I Lane 4 
I 
I 
! 
i 
TABLE 17 
A 
1.52 
1.72 
-
1.98 
2.26 
* (IF) d 
lMPACT\FACTORS \AT SECTION M - BASED ON DEFLECTIONS 
(I'f) d _ Deflection at Impact - Deflection at Crawl 
East 
.. 10mph 
M 
BEAM : 
! 
C D i E B I I > 
l 
, 
1.73 ·2. 49 3.74 7.52 
1.78 2.17 2.84 3.67 
; 1.90 2.18 .. 2.61 2.49 
' 
2.15 2.13 2.15 ' 2.26 
' I 
[1.2 (6A + 6E) +-6B + 6c + 6D] Impa¢t 
=------------------[1.2 (6A + OE) +OB+ Oc + OD] Crawl. 
~ 
o = deflection- of each beam 
' 
' 
Total* 
Bridge 
t 
,Behavior 
2.15 
2.12 
2.18 
2.15 '. 
I 
i 
i : 
• •_\ I 
• 
• !• 
.. 
.. 
\ . 
. . 
. ·. 
---=:; 
~ : 
= 
't' 
I 
"-J 
l'\J 
I 
- I 
TABLE 18. DYNAMIC LOAD :FACTORS - TOTAL BRIDGE.BEHAVIOR 
i 
·: 
n 
(~ M.C.) Speed 
:.•.t'DLF) . ·= - 1-----
.. m n (;: M.C.) Crawl 
l 
:: M.C. ~ Moment Coefficient 
1: 
I 
SPEEO VE1-IICLE IN LANE 3 
[ 1. 2 (6 A + 6E) + 6 + 6c\ + 6 ] Speed (DLF) d • B D - I 
oc! [ 1. 2 (o A + 0 ) + /oB + + 6D] Crawl E 
' ' 
o = Deflection of Each Beam 
. I 
VEHI CLEi IN LANE 4 ; i: (mph):i
1 
CASE I CASE II DEFLECTION . 
SPEED 
(mph) CASE I CA$E II , DEFLEC'fION 
s. 8 f 
8. b :1 ' 
10.4 
12.v 
15.8 
17.8 
19.~ 
22.~ 
24.$ 
26.5 
30.4 
31.3 
34.8 
38.3 
40.l 
42.7 
45.8 
49. 8 · 
50.4 
53.2 
54.7 
57.2 
59.7 
1.07 
: 1.11 · 
1.06 
1.17 
1.14 
1.24 
1.21 
1.21 
1.22 
: 1. 29 
. 1.17 
1.10 
1.14 
· 1.10 
• 1. 09 
: 1.06 · 
· 1.18 
1.22 
1.14 
· 1.17 
· 1.19 
1.20 
1.18 
0.98 
1.05 
1.05 
1.13 
1.10 
1.36 
1.15 
1.34 
1.32 
1.41 
. 1. 26 
1.27 
1.13 
1.13 
1.08 
· 1.07 
1.16 
1.18 
1.11 
1.36 
1.30 
1.38 
1.12 
1.01 
1.08 
1.07 
1.18 
1.10 
1.21 
1.21 
1.23 
1.28 
1.33 
1.22 
1.14 
1.17 
1.17 
1.15 
1.11 
1.23 
. 
1.27 
1.22 
1.29 
1.23 
1.26 
1.19 
' 
. ' 
_, 
6.1 
8.0 
10.2 
12.5 
15.6 
16.8 
19.S 
22.5 
25.l 
.26.8 
30.2 
32.5 
33.2 
37.0 
40.l 
41.6 
43.5 
47.0 
Sl.4 
54.5 
54.7 
57.2 
59.8 
1.07., 
1.11. 
l.07i 
. 1.19 i 
l.lSi 
1.19• 
1.21· 
1.20' 
1.25, 
1.32' 
1.12. 
1.15. 
1.09. 
1.13· 
1.17' 
1.22 
1.25 1 
1.21· 
1.17' 
1.19. 
1.21: 
1.18' 
1.16; 
i 
1:.05 
1:. 08 
1:.10 
· 1. 21. 
1.16 
1.37 
1.27 
1. 34. 
1:. 41 
1:. 44 
1.24 
1 •. 18 
1:.16 
1~18 
1.18 
1.26 
1~29. 
1~26 1 
! 
1120 
1145 
1~40 
1.41 
1. 21. 
! 
1.02 
1.08 
1.08 
1.18 
1.12 
1.19 
1.18 
1.19 
1.31 
1.38 
1.14 
1.15 
1.11 
1.18 
1.19 
1.23 
1.28 
1.28 
1.25 
1.29 
1.27 
1.27 
1.20 
.. 
I 
'--J 
UJ 
J 
I. 
j :_\ 
Craw]\. 
Runs:\ 
\ 
'. 
" 
Lane 1 
. ~ 
Lane 2 
Lane 3 
! Lane 4 
! 
·[ 
.;; 
l 
! 
,. 
Impac~ 
Runs\ 
! d 
' l 
i 
: < 
at :t 
10 rrtph 
Lane 1 
Lane 2 
Lane 3 
Lan~ 4 
'1 
I 
I 
I 
l 
' . 
i 
TABLE 19 LOCATION OF NEUTRAL AXES - CRAWL AND IMPACrT RUNS 
7 7 
- -
42 II . YL YR ., 
1 ' 
I 
I I 
BEAM A BEAM·B BEAM C BEAM D BEAM E 
YL YR YL y R YL YR YL y R YL _YR 
35.8* 34.2 30.l 33.2 24.6 30.8 : 21.0 31.2 
" 
27.3 37.7 
34.8 
~ 31.1 31.8 33.1 27.9 32.S : 26 .1 30.7 25.3 36.7 
\ 
33.7 28.S 33.0 31.1 30.7 33.8 26.3 30.7 27.6 35.4 \ 
\ 35.5 27.1 131. 4 29.3 32.2 32.2 : 29. 3 31.4 27.1 35.5 
33.3 31.5 28.8 · 31.5 25.0 28.2 27.0 29.4 30.9 34.6 
' 
i 32.6 30 .O· 30.8 30.8 27.9 30.1 :26.4 29.8 28-.0 33.0 
32.6 28 .• s 30.9 29.1 29.4 31.1 .26.7 30.0 25.3 33.0 
', 
~-
~--
- 35. 9 26 .\8 30.7 30.2 31.1+ 31.4 30.2 30.7 26.8 35.9 
, 
,* Units are inches ,..--' \ .. -' .. 
> .• 
~~~-~~~~:m rrwrr~r~,g.r~ti1..~./£1.~il"~ • d...· :,\.·~-1 '~~~...:...Yvf.J1· ·~ •• ~ •• :w·~ .. --·:z.·4C-:J'v·::-..:.::; -··.,. '·""·;_a.,.~ -~k~A;,·· -~~---··••<' ·;-.,:;;i.-->:'-e:6._ ... ~.!;.,~-~:-·- --·£- ..J-~~~--b,;.J,~-.·-·-,, ·.~· ~--1,..,_ .... - '-· - -.. ·• -· -·"" · ....... '_·..-..;:;,.j,...._w-· -',,,,-_ ... _ ,\'---.._i.. ''-'- · ;-•,: .,_: ,(~·-· __ , __ --_. >oi-~..s,:.-:u. ~--a· ... !I,,. ~ ..... · -~:..:.:.·1~ _, ·- ;,,- ~:i.,.......; ,,,,. .. tt-i "~~-'.v....:.- ·,;, - - · I - "' - -~"' - -/. . t l 
f I ' i I 
' 
SPEED 
(mph) 
Crawl 
5.8 
8.0 
10.4 
12.7 
15.8 
17.8 
19.2 
I 22.4 
'-J 
.r= 24.6 I 
26.5 
30.4 
. 31. 3 
34.8 
38.3 
40.l 
42.7 
45.8 
49.8 
50.4 
53.2 
54.7 
57.2 
59.7 
' \ 
i 
,i 
l 
i 
l 
- --- - -- -\·-- -------· - -
i 
i 
I 
. I 
TABLE 20 LOCATION; OF NEUTRAL AXES - SPEED RlJNS 
I 
B~AM A BEAM 
l 
* ~L *I YR Yt I I I 
' 33.7~* .28 .-s , 33. 0 
I 35 .o. i 
• I 
' 30 .6 33.l 
3.4. 2 I . 28.5 • 33. 7 
34.6 I 30.3 : 32. 3 I 34.1 i 29.S ·. 33. 6 ! 
34.0 ' 29.5 32.l I I 
32.8 I 28.9 .31.2 l 
' 
. 34.4 ' 27.8 31.3 r i 
·33.0 ! 30.7 30.9 I 
~. 
33.5 ~- 29.4 31.2 
33.0 29 •. 1 31.3 
33.2 28.5 32.3 
36.0 27~18 30.8 
34.0 29.5 31.8 
33.8 30.2 31.8 
36.0 30.3 31.7 
33.5 · 30. 2 32.0 
33.5 30.0 32.3 
34.9 30.0 32.4 
3'13. 6 30.2 32.0 
3iil .• 8 27.8 31.2 
3\3. 2 28.9 31.1 
I . 3113. 0 28.5 30.7 
31!5. 2 
I 
30.6 ,~L 32.9 
., 
;! I 
1 1. . I 
'* Re~er to Table 19 
** U11i\ts are inches 
i 
I 
I 
( 
. 
~: 
: 
! 
I 
·1 I ! . -l 
,--.. 
Vehicle in Lane 3 
·. 
: - -
-
B BEAIYI C BEAM D I BEAM E 
' 
I i 
YR 
' 
YL YR YL YR i Yt YR 
31.1 30 .'9 31.2 26.3 t-.:, 30.7 27.6 35.4 32.S i 31.2 32.8 27.7 30.~ 2a .o· 35.6 
32.6 31.6 32.6 27.0 30.7: 28.1 ""-36.2 30.9 30.9 32.4 26.S 30.$ 27.7 34.8 31.7 30.9 32.6 27.2 31.] 28.2 34.9 32.3 31.2 31.3 27.0 30.6 28.7 36.8 
31.1 30.2 31.8 27.0 29.3 27.2 33.8 
' 29. 4 30.6 33.2 27.2 30.8 2i8.9"- 35.S 31.8 28.7 "31.9 26.8 29.8 26.9 33.8 
30.7 30.0 32.0 26.3 30.4- 27.S 34.4 31.4 27.7 31.6 27.2 30.2 28.2 34.8 I 30.8 29.6 31.~ 26.6 30.4! 27.6 35.4 
28.9 32.2 l 26.6 30 .a: 26.4 35.8 32. 5) 31.2 28.6 32.6 27.1 3008! 27.7 34.6 31.6 29.8 32.0 26.4 31.1 27.1 3506 31.6 29.8 32.4 26.9 30.6: 27.6 36.6 31.2. 30.7 32.3 26.9 30.0: 28.9 36.6 
30.8 30.8 
.. 
32.6 27.8 30. 21 30.2 35.9 31.6 30.7 32.1 28.0 . 31.1 28.9 35.0. 
31.8 30.2 33.6 28.0 30.8. 28.6 35.0 30.4 · 30. 2 29.1 29.4 29 '• 9: 26.3 33.7 30.8 29.3 31.6 27.2 29. 8' 21ro 34.7 
28.8 31.1 ( 30.9 27.6 28.9 ~ 27. L~ 33.3 
31.6 30.2 33.2 :27.5 30 .s 1 29.9 34.6 
[ 
I 
• 
; . .:-_~: f:$ 
-... ~, 
bi-;,y, 
~ :.1. 
f1 
r~ i.,f 
ft 
t~ 
:t 
f~ 
~1 
. v~ 
~.-
i1 
') 
:.:! 
·::. 
~t-
:; 
t 
~ 
~ ;·; 
' ~ 
'.j 
' f 
l 
i 
i 
I 
' 
\ 
. ; 
I 
' j 
I 
'-J 
u, ' 
I 
SPEED. 
(mph)· 
Crawl· 
6.1 
8.0 
10.2 
12.s~ 
15.6 
16.8 
19. 5: 
22. 5: 
25 .l': 
26. s: 
30. 2: 
32. 5;. 
33 .• 2:. 
37.0 
40.l 
41.6: .. 
43. 5: 
47. 0! 
51. 4: 
54. S' 
54. 7f 
57.2 
59. 8. 
l 
•· 
II 
TABLE 21 LOCATION OF NEUTRAL AXES - SPEED RUNS 
B·EAM A BEAM 
YL * YR* YL 
35. 5** · 28.3 31.4 
34.0 28.5 32.3 
35.2 29.4 32.0 
34.2 29.0 32.0 
·35. 4 28.2 31·. 4 
34.9 28.7 31.2 
33.1 i' 27. 7 30. 2. 
34.1 29.9 32.4 
33.0 27.8 30.8 
34 4 . . 28.6 30.3 
~5.4 29. 2. 30.5 
34.2 27.6 31.3 
34.2 29 •vl 31.7 
34.3 29.0 31.3 
. 
35.0 28.4 31.2 
~5.4 29.8 31. 2' 
' 34.6 30.1 31.2 
34.9 30.6 31.2 
34.0 29.9 30.6 
3:4.4 ·29.l 31.3 
33.4 2-7. 4 29.8 
3:3. 4 26.4 30.3 
3:3. 2 ·27.5 30.0 
34.4 29.9 31.1 
* Refer to Table 19 
** Units are inches 
• 
Vehicle in Lane 4 
B BEAM C BEAM 
YR YL YR YL 
29.3 32~2 32.2 29.3 
29.4 32.4 32.4 29.4 
29.1 32.2 32.2 -29.l 
28.3 32.4 32.4 28.3 
29.4 31.9 31.9 29. 4 
29.2 13 2. 4· 32.4 29.2 
28.2 (31. 7 31.7 28.2 
29.0 31. 4 \\ 31.4 29 .. 0 
28.3 31.9 31.9 28.3 
28.3 31.3 31.3 28.3 
28.l 31.4 31.4 28.1 
28.4 31.6 31.6 28.4 
28.5 31.7 31.7 28.5 
28.2 31.8 31.8 28.2 
28.5 32.2 32.2 28.5 
29. 3 32.0 32.0 . 29. 3 
29.5 31.2 31.2 29.5 
29.2 31.2 31.2 29.2 
29.2 31.9 31.9 29. 2 
28 .l· 31.7 31.7 28.1 
28.3 30.5 30.5 28.3 
28.5 30.7 30.7 28.5 
28.5 30.6 30.6 28.5 
29.0 31.4 31 4 · •. 29.0 . 
i 
D I BEAM E 
y: R Yt YR 
I 
31~4 28.3 35.5 
32.3 28.5 34.0 
32.0 29.4 35~2 
32.0 29.0 34~2 
' ' 31 J l~ 28.2 35.~4 
I 31.: 2 28.7 34~9 
' 30J2 27.7 33.1 
32J4 29.9' 34.1 
30 .i8 27.8 33 0 ~ 
30 .!3 28.6 34 4 .. 
30 .is 29.2 35~4 
31 .• 3 27.6 34~2 
31. 7. . 29 .1 34J2 ; 
31.'3 29.0 34.:3 1. 
31.2 28.4 35 .:0 
31.:2 29.8 35 .:4 
31.2 30.1 34l6 
31.12 30.6 34 •. 9 j 
30 .j6 29.9 34 •• 0 
31..!'3 
' 
29 .1 34~:4 
29.8 27.4 -33 ~14 ! 
30 .[3 26.4 33 .:4 
; : 
30.0 27.5 33 ~\2 
' 
34l,4 31.tl . 29 ~g 
' 
i' 
! 
' 
' 
; . 
i • 
i 
; 
~ . 
I 
""'--.J 
en 
I 
I ' 
Crawl Runs _ · 
l : ' 
Impac1F Runs 
at .lQ mph. 
f 
I 
TABLE- 22 
Case I 
Case II 
Case i 
Case II 
EFFECTIVE SLAB WIDTHS - CRAWL AND IMPACT RUNS 
.A B 
Lane 1 82.4* 
' 
90.5 
Lane 2 66.6 103.6 
Lane 3 52.5 95.4 
I,ane 4 59.9 75.6 
Lane 1 133.5 131.5 
Lane 2 100.1 150.8 ,. 
Lane 3 82.5 141.3 
Lane 4 88.0 110.6 
Lane 1 · 63. 0 "' 73.9 
Lane 2 54.6 82~yf' 
' Lane 3 48.8 73.8 
Lane 4 43.7 62.5 
~ .. 
Lane 1 120.l 128.5 
Lane 2 98.4 143.9 
Lane 3 92·. 2 131.·5 
' Lane 4 81.7 114.4 
* Units are inches 
BEAM 
C 
47.5 
74.1 
.96.5 
97.1 
75.3 
113.6 
144.7 
140.6 
41.3 
57.0 
73.7 
82.8 
78.0 
104.7 
133.2 
148.6 
D 
30.0 
'44. 2 
54.0 
75.6 
49.0 
69.4 
85.3 
110.6 
51.2 
50.7 
52.9 
62.5 
93.9 
95.2 
99.6 
114.4 
I 
I 
E 
' 
' 112.8 
55.2 
57.5 
59.9 
· 191. 7 
.. : 83.3 
88.4 
88.0 
,· 
66.5 
' 53.7 : 
' 42.8 
43.7 
:12?.8 
97.3 
81.3 
81.7 
·.- ' 
. 
TOTAL 
363.2 . 
343.7 
356.9 
368.1 
581.0 
517.2 
542.2 
. 53 7. 8 
295.9 
298.1 
293.0. 
295.2 
548.3 
539.5 
537.8. 
540.8 
'. ii . 
I! 
I 
'-J 
'-J 
I 
' 
·. 
• . 
. 
. . 
: 
.. 
I 
Speed 
(mph) 
Crawl 
5.8 
8.0 
10.4 
12.7 
15.8 
17. s. 
19.2 
22.4 
24. 5: 
. 26.5 
.30.4 
31.3 
. ~4.8 
38. 3 · 
.40.l 
42. 7: 
45.8 
49.'8' 
50.4 
53r. 2 
I 54. 7: 
57. 2· 
59.7 
1 
' -·-·-... ---· - -- ---· - -
I ) 
', \ 
' 
TABLE 23 TOTAL EFFECTIVE SLAB WIDTHS FOR SPEED RUNS ; ~ 
.. i 
Vehicle in Lane 3 
Total Effective 
Slab Widths (inches) 
Case I Case II 
357.3 529.4 
386.l 534.4 
382.8 542.8 
352.1 · 532.8 
370.3 537.4 
367.1 537.4 
317.3 "'\ 537.4-
372.S 539.2 
318.0 540. 2 · 
324.1 538.6 
326a2 546.6 
331.2 547.8 \ 
j 
347.7 545.6 
352.0 546.l 
346.8 ·. 539. 6 
354.2 536.2 
360 .1 - 544.9 
365.3 546.0 
373.3 541.3 
363.6 541.3 
302.S 549.7 
318.0 539.5 
305.9 542.2 
372.7 538.4 
Speed 
(mph) 
Crawl 
6.1 
8.0 
10.2 
12.5 
15.6 
16.8 
19.5 
22.5 
25.l 
26.8 
30.2 
32.5 
33.2 
37.0 
40.1 
41.6 
43.S 
47.0 
51.4 
SL~. 5 
54.7 
·57.2 
59.8 
• ·- ·-- .... _ •.•• '··~ - --,- .,.- ... .,, -, ·- ,,._ ·-- •• •• • " "-••··---~----- '··- - ', ···-· "• - ---- '.·J ..... ·-.-- ,•, ,• - '. • ..... ····:·, , .... , .. •' 
/ 
• 
Vehicle in Lane 4 ·. 
' 
! 
' 
Total Ef~ective 
Slab Widths. (inches) 
Case I 
368.0 
374.3 
377.9 
360.l 
357.5 
362.5 
352.2 
311.0 
223.9 
321.8 
334.5 
331.7 
360.2 
347.8 
352.2 
368.5 
360.0 
364.8 
352.2 
359.6 
293.4 
318.1 
301.3 
351.5 
• 
! 
• Case II 
537.8 
· 539 .-4 
538.7 
539.6 
535.7 
537.6 
· 535. 6 l 
541.3 
538.7 
543.0 
545.4 
543.8 
'545.8 
543.0 
544.8 
.545.2 
544.9 
'544.6 
544.8 
542.8 
545 .o 
541.0 
542.4 
541.2 
.. 
~-' 
·1 
;. ""'.· 
• I 
.. 
• 
-~ 
. t 
l 
l 
• < 
.. 
i 
f 
1 
~. 
I 
f 
l 
'• ··~· .. --.. .. -_ .. _ -~·--·--•--.. .. ·,·.·,-- -.· ····- .. -,-·· " ____ ·».:---... . -., - .. ~.-,-.._· .-.-....... ~ ,.... ......... --~~-~~----J .---------
I 
'-..J 
00 
I 
' 
Vehicle 
. { 1n 
Lane 3 
Vehicle 
• 1.n 
Lane 4 
:~ 
. ' 
TABLE 24 
Case I 
Cas.e II. 
Case I 
Case II 
Speed 
(mph) 
Crawl 
12.7 
26.5 
40.l 
57.3 
Crawl 
12.7 
26. S . 
40.1 
· 5 7. 3 
Crawl 
12.5 
26.8 
40.1 
57.2 
Crawl 
12.5 
26.8 
40.1 
57. 2 . 
\ . 
). 
EFFECTIVE SLAB WI·DTHS FOR SPEED RUNS 
Effective Slab Widths {inches) 
BEAM 
A B C D E TOTAL 
53.S 95.4 96. 5\ 54.0 57.5 356.9 58.3 99.6 92.2 61.0 59.2 370.3 52.2 88.8 72.6 56.4 
' 56.2 326.2 63.6 92.1 82·. 9 56.3 : 59. 3 354.,2 i 50.4 81.8 69.6 52.8 ' 51. 3' 305.9 
: 
<;, 
! 88. 5 82.6 141.~ 144.7 84~3 541.4 85.0 142.3 133.l 90.9 86.6 537.9 87.9 145.0 121.7 97.3 94.7 546.6 98.3 136.0 124.3 87.1 : 90. 5 536.6 90.0 141.0 123.2 96.6 : 91. 4 i 542.2 
-
59.9 75.6 97.1 75.6 . 59. 9 361.1 56.5 75.5 93.4 75.5 i 56. 6 357.S 59.8 63.5 87.9 63.5. 1 59.8. -334. 5 63.7 72.5 96.0 72.5 :63.8· 368.S 48.6 63.6 76.8 63.5 I 48 .6: 301.3 
88.0 110.6 140.6 110.6 : 88. 0. 537.9 : 86.1 112.6 138.2 112.6 : 86 .1 535.7 98.5 103.8 140.9 103.7 ! 98. 5 . 545.4 94.3 107.8 141.0 107.7 '. 94. 4 • · 545.2 89.7 113.6 135.9 113.5 ! 89. 7 . 542. 4 
; 
II 
............................................... ------------------~~~- I 
.. 
·' 
i 
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I 
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I..D 
I 
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: TABLE :25 
Dropl
1 
at 
Section M 
Drop 1; at 
Section Q 
1 
I 
t 
I 
I 
i 
( LOADED FREQUENCIES OF BRiDGE VIBRATION - IMPACT RUNS 
East 
• 10 mph 
Lane 
' 1 2 3 4 5 \ 
I 
' I - -
4.ffiS* 5 ·.06 s:13 5.26 5.00 
~ 
4.77 5.06 5.13 5.26 
----
I 
* Units are CPS (cycles p~r second) 
~oaded Frequency= 1/T 
1,f F 
l 
10 @ Vro sec. 
tF\= Offset on Trace when Front Axle over Section M tc \= Offset on Trace when Center Axle over Section M tR := Offset on Trace when Rear Axle over Section M 
6 
! 
5.55 
----·-
7 
. 
6 : •. 25 
-----
,, 
-
Ii:· : i 
li ii . 
. r i! . 
/· 
I 
00 
0 
I 
• 
\ 
I I . 
I 
I 
I 
I 
' I
' . 
•, t 
,, 
! 
!-·-- •---N ... -· • -
· "TABLE, 26\ . 
. I LOAfJED FREQUENCIES OF BRIDGE VIBRATION AT SECTION M -·SPEED RUNS 
. 
Test 
Speed 
Crawl 
5.5* 
7.9 
10.6 
12.2 
15. 8, 
16.9 
19.2 
22.4 
24. 5: 
25. 2: 
31. 5'.. 
31. 6i 
36. 2' 
38.8 
40.8 
42. 9' ' 
46. 4 •. 
49. 0, 
50.2' 
52.8 
53.8 
56. 6 (; 
' 59. 4: 
. ' 
I 
I 
l 
I 
I 
I 
Lane 3\ 
: 1 
I Frequency 
. I 
-
I 
I 
' 2.75** 
2. 5s: 
. r 2. 7 :. .. 
2.38 
2~68 
5.5~ 
6.49 
5.88 
5.21 
5.4~ 
S. 72 
I 
. l 4. 771 
4. 55\ 
4. 72·: 
4.55 
4.55 
5. QQ: 
5.27 
5 72 .. 
5:. 57 
5.88 
5.77 
5.72 
5.27 
. I 
I 
i 
: 
·, 
' 
! Test 
' ' 
,. Speed ; 
Crawl 
6 .1 · 
8.1 
10.3 
I 13.2 
15.7 
; 18.6 
19.2 
22.4 
24.6 
27.8 
29. 4 
31.0 
33.4 
37.7 
39.4 
42.5 
45.1 
50.5 
50.5 
53.6 
55.5 
57.9 
... 
. 60 .0 
* Urits are mph 
** Units are cps 
.../' 
Lane 5 Average of Lanes 3, 5 Test Lane 4 't 
.f" 
Frequency , Speed Frequency [Speed Freqµency 
2.71 Crawl 2.73 i Crawl 2.73 ,,p;-2.70 
-5.8 2.69 6.1 i· 2 .67 ,' 2.31 8.0 2.52 8.0 2.56 2.33 _10. 4 1 2.36 10.2 2.29 2.82 I 12.7 2.75 '12.5 2.70 .. 
' 
---- 15.8 5.56 15.6" 5.55 5.78 . 17.8 6 .12. 16.8 6.67 ' 5 .88 19.2 5.88 19.5 5.98 5.4-5 22.4 5.36 22.5 5.41 5.41 24.6 5.41 •25 .1 5.72 5.88 26.5 5.80 ;26. 8 5.88 5.97 I 30.4 5.37 ;30. 2 4.25 4.35 31.3 4.45 '32. 5 4.65 4.44' 34.8 , 4.58 :33. 2 4.21 4.35 38.3 4.45 [37. 0 4.35 4.84 40.1 4.70 140.l 4.77 4.55 42.7 4.78 I41. 6 5.00 5.42 45.8 5.35 i43 .5 s,. 46 5.57 49.8 5.65 1:47 .0 5.57 ; 5.57 50.4 5.57 51.4 5.72 I 5.55 53.2 S.72 54.S 5.55 : 5.88 54.7 5.83 \ S4.7 5.72 5.55 57.2 5.64 57.2 5.55 5.56 59.7 5.42 I p9.8 4.77 
\ 
) 
I 
l 
! 
,., 
• 
I 
00 
t-J 
I 
;,. 
Run 
No •• 
628 
643 
/.; 
737 
Speed 
. (mph) 
19.2 
-24 :-5 •. 
I 
54.:7 
' 
' 
i 
·' 
TABLE 27 LOGARITHMIC .DECREMENT OF BRIDGE VIBRATION '\. 
: 
T~st 
I Lane 
I 
I 
! 
I 
I A -s 0 
\ 
I 
I 
I 
', 
i 
I 
A -s 0 
\ 
I 
I 
I (JJ, 
I A -4 -0 I 
I . 
! 
I· 
~ 
· 1 Ao Logarithmic Decrement (L.D.) = n log A 
n 
Where n = number of C)'·cles of Vi.bration 
An= Amplitude of nth cycle 
"\ 
Beam A Beam B 
* 0.35 ,A 14 - 0.11 A - 0.25, Al4 - 0.08 -0 
I L.D. - 0.1073 L.D. - 0.1061 
0.26, A12 0.10 A 0.20, A12 0.07 - - -0 
L.D. - 0.1162 L.D. - 0.1213 -
0.16, A13 =:_0.07 A - 0.13, A1a - 0.06 0 
L.D. - 0.1033 L.D. 
-
0.1028 -
A -
0 
A -
0 
Ao -
* Units ~re inches 
·Beam C 
. { 
i 
'I 
. ' 0.62, A14 - 0.2ll. -
L.D. - 0.1050 
1 l 
'i 
! 
0.43, 0.17! A12 -
Ii 
i L.D. - 0.1169 - ' 
' 
'\ 
'' 
'1 
0.45, A1a = 0.16 
L .D ~ - 0.1115 
ii 
• 
• 
,,.,,, . .,,,,-,-,,·-•···m·••----··---,.-- .-, .. ------------•··- ·--····~r-·-- .. , . ''' • _: -~ 
TABLE 2'8 COMPARISON OF DISTRIBUTION FACTORS FOR 
DREHERSVILLE, PHILADELPHIA,- AND HAZLETON BRIDGE 
I. s .1. s 
-1- s .-I- -1 
. Bridge_ Drehersville Philacilelphia 
, Hazleton 
' 0 
, 0 0 
. ·- .. Skew 90 87 { I 88 
-
25' 
~--··· 
. ,._ .. ,. \.__ 
''"'"'' J"' 
Roadway Width(w) 30' 
-
on 4QT 
-
on 40' 
-
on , \ 
Beam Spaci11g (s) 7' 
-
2n 9' 
-
5n 9' 
-
6" 
Be-am Size 4' 
-
·33u 4' X 42TT 4 '· X 42n 
Beam Span 61' 
-
6" 71' 
-
gn 69' 
-
7" I' 
No. of 
. 
Design Lanes 2 3 3 
'-. 
Mid-span In-place In-place· Removed In-place Diaphragrns 
.. . . 
~ Experimental 1.048 1.386 1.360 1.360 
fa Design 0.810 1.158 1.158 1.158 QJ 
-~ Experimental 1.295 1.195 1.174 1.174 Design 
~ Experimental 0.850 1.298 1.320 ·, . ~- . 1.304 ~ .. ~, ... 
fa Design 1.300 ' 1.727 1.727 1. 727 Q) 
~ 
... Experimental .. - . - ··----' ·-- --·- ·--• . . . - .. .. .. . .. .. --····· . ·----·· -.. ... -·· 0.654 0.752 0.765 0.755 Design 
- ---·-·· ~-~-·-~-·--·~~·~~~-- .... .,,....~-···-,... ..... --~----~·~----,~._,.-~ r>-·· .. -~~·· - H-----· --------·-----·-·-"""""=--"~~,-.. ~ , ......... ~ .. ·~~ .. - ·~ 
u Experimental 0.800 1.238 1.328 1.302 
. .. . -.. - :. -·:._ -.-~ .. : .... ,~;.. ·c.-~.-.-.. - - ••• ..C.," •. c •••• c: •• ,.: • • . . -- 1, ...... ·, .. - •.. · ·. __________ ,, ..• ,,., .. c, .. ,.· •. "".. . • • . . ... ,. ,:;·: :. ·. -· ~ ..... ,., ........... •-• .. .. . _ .. '-"--'-·-. - __ .. __ . .:., ... ::... .. , . ._ ..•.. :· .... -.......... ·- ....... . .. -- ....... @. 
Design 1.300 1.727 1.727 1.727 Q.t .. . 
. -
i:Q.). ,. 
Exper-imental. 0.615 0.738 0.769 0.754 .Design 
• 
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-
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